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BBE;^EHHE. 

AKxyajibHOCTb npoSjiCMbi. KoH(|)opMaiiHOHHbie saGojiCBaHHa - 3to rpynna 
saGojieBaHHH, npn Koxopbix HapymeHHe HopMajibHbix (|)H3HOJTorHHecKHx h 
no^BjieHHe anoMajTbHbix cbohctb Gcjikob CBasanbi c HSMeneHHeM hx 
npocxpaHCTBeHHoii cxpyKxypbi (Merlini, Belotti, 2003). SnaHHTejibHaa nacxb 
KOH(|)opMaiiHOHHbix GojiesHeii npeflcxaBjiaex co6oh pasjiHHHbie xnnbi aMHjioHflosoB. 
BosHHKHOBeHHe aMHjT0Hfl,030B CB^saHO c HaKonjieHHCM B pasjTHHHbix opranax H 
xKanax HepacxBopHMbix (|)H5pHjTjTapHbix (|)opM 6ejTK0B. K aMHjTOHAOsaM oxHocaxca 
xaKHe HSBecxHbie saGojiCBaHHa KaK GojiesHb AjibiireiiMepa, GojiesHb IlapKHHCOHa, 
npHOHHbie saGojiCBaHHa. IIpH fl,Ha6exe xnna 2 o6pa30BaHHe aMHjioHfla xaK^e 

aBJiaeXCa OflHHM H3 SBCHbCB naXOFCHeSa (IIOKpOBCKHH H AP-, 2004). 

AMHjTOHflOSbi aBjiaioxca flOBOJibHO pacnpocxpaHeHHOH rpynnoH saGojieBaHHH. 
TaK, HanpHMep, b nacxoamee Bpeivia, GojiesHb AjibureiiMepa oGnapy^eHa y 12 mjth. 
jnofleii no BceMy Mnpy (Merlini, Belotti, 2003). IIo pasjinnnbiM ^annbiM, aMnjion^os 
Mosra FHCxoxHMHHecKH BbMBjiaexca y 30-46% ncnxnnecKH sflopoBbix jnoflen b 
Bospacxe cxapnie 60 jiex n y 80-100% jhoash cxapnie 85 jiex (OH(|)a, 1987; Merlini, 
Belotti, 2003). 

HecMOxpa Ha cyniecxBenHbin nporpecc b noHHMaHHH MexannsMOB 

(|)OpMHpOBaHHa aMHJTOHflHblX OXJTO^eHHH, flO CHX nOp He CynieCXByeX 3(|)(|)eKXHBHbIX 

cpeflcxB fljia jieneHHa aMHjioHflosoB. (Jakobson, 2004). IIInpoKaa 
pacnpocxpaneHHOCXb axon rpynnbi saGojieBaHHii nosBOJiaex paccMaxpnBaxb 
npoGjieMy noncKa HnrnGnxopoB (JDnGpHJiJioreHesa KaK ^ocxaxoHHO aKxyanbHyio. 

KpoMe xoFO, HsyHenne anoMajibHoro (JDnGpHJiJiorenesa aBjiaexca Ba^HbiM jsjik 
paspaGoxKH hobmx HaHOMaxepnajiOB na ocnoBe anoMajibHbix (|)h6phjtjt (Mitraki et 
al, 2005; Velikov, 2005). 

IJ,ejiH HccjieaoBaHHH. OcHOBHoii iiejibK) AaHHoii pa6oxbi aBjiajiocb HsyHenne 
MOJieKyjiapHbix MexannsMOB anoMajibHoro (JDnGpHJiJiorenesa n paspaGoxKa no^xoflOB 
AJia noflaBjienna aMnjiOHAoreHHOCxn MO^ejibKbix GejiKOB. 



3aaaHH HccjieaoBaHHH. 

1. IIpoBecTH anajTHS nepBHHHoii cxpyKxypbi HSBecxHbix (|)H6pHjTjToreHHbix 
nenxHAOB in silico. BbiaBHXb saKOHOMepnocxH nepBHHHoii cxpyKxypbi, 
xapaKxepHbie fljia axoii rpynnbi nojinnenxHAOB. 

2. OnpeAGJiHTb cxpyKxypy noxeHiiHanbHbix (|)H6pHJTJToreHHbix ASxepMHHaHx 
MOASJibHbix 5ejTK0B ajTb(|)a-jTaKxajTb6yMHHa h jiHsoiiHMa. 

3. PaccHHxaxb cxpoeHne h CHHxesHpoBaxb nenxHAti, coflep^amne 
noxeHiiHajTBHyio (JDnGpHJiJioreHHyio ASxepMHHaHxy ajTb(|)a-jTaKxajTb6yMHHa 
HejiOBCKa. HsyHHXb (|)H6pHJTJToreHHbie CBoiicxBa xaKoro nenxH^a in silico h in 
vitro. HsyHHXb BjinaHHe xaKoro nenxn^a na (|)H5pHjTjToreHe3 ajTb(|)a- 
jiaKxajib 6y MHHa . 

4. YcxaHOBHXb BOSMO^Hbiii MexaHHSM ynacxHa noxeniiHajTbHbix 
aMHjTOHfloreHHbix AGTepMHHaHx B (|)H6pHJTJToreHe3e. 

5. PaccHHxaxb cxpoeHne h CHHxesHpoBaxb nenxH^,, noxeHiinajibHO cnocoGHbiii 

BJTHaXb Ha (|)H6pHJTJTOreHe3 JTHSOIIHMa KypHHOFO wnxdi. 3KcnepHMeHxajTbH0 

HsyHHXb ero BjiH^HHe na (|)H6pHJTJToreHe3 3xoro 6ejTKa. 

HayHHaji HOBHsna nojiyHCHHwx pesyjibxaxoB. IIpH anajiHse nepBHHHoii 
cxpyKxypbi (|)H5pHjTjToreHHbix nenxH^OB BnepBbie oGnapy^eHO HajiHHHe sepKanbHO- 

CHMMexpHHHblX MOXHBOB. IIpeflJTO^eH H CHHXeSHpOBaH CnOC06HbIH K 

(|)H6pHjTjToreHe3y nenxHfl, roMOJiOFHHHbiii (|)parMeHxy ajTb(|)a-jTaKxajTb6yMHH0B. C 

nOMOmbK) KOMnblOXepHOFO MOflejTHpOBaHHa H HSyHCHHa CBOHCXB (|)H6pHJTJT XaKOFO 

nenxH^a oxapaKxepHSOBan MCxaHHSM exo (JDnGpHjijioxeHesa. IIoKasaHO BjinaHHe 
xaKOFO nenxH^a na (JDnGpHjijioxeHes ajTb(|)a-jTaKxajTb6yMHHa. YcxaHOBjieHa pojib 
nocjieflOBaxejibHocxH 35-51 a.o. b (JDnGpHJiJioxeHese axoxo GejiKa. npefljio^ena 
cxpaxexHa ^Ji^ HHFHGnpoBaHHa oGpasoBaHHa npe(|)H6pHjTjTapHbix (|)opM Gcjikob. 
YcxaHOBjieH noxeHiiHanbHbiii MexannsM ynacxna sepKanbHO-CHMMexpHHHbix 
MOXHBOB B (|)H6pHjTjTOFeHe3e. Ha ocHOBaHHH xaKOFO McxaHHSMa paccHHxaH H 
CHHxesHpoBaH nenxHA, HAeHXHHHbiii ynacxKy nocjiCAOBaxejibHOCXH jiHSOUHMa h 
cnoco6HbiH OKasbiBaxb BjinaHHe na (JDnGpHJiJioxeHes 3xofo 6ejTKa. 



HayHHaH h npaKXHHecKaji 3HaHHM0CTb paSoxw. IIojTyHeHHbie pesyjibxaxbi 
nosBOJiaiox pacmnpHXb npeflCxaBjiCHHa o MOXHBax, ynacxByiomHx b Gcjiok- 
6ejTK0Bbix BsaHMOfleiicxBHax, H upQjsjioyKWTh cxpaxexHK) fljia cosAaHHa nenxH^OB, 
cnoco6Hbix BjTHaxb Ha aHOMajibHbiii (|)H6pHjTjTOxeHe3 Gcjikob. TaKHe nenxH^ti Moxyx 
nocjiy^HXb ocHOBoii fljia cosAaHHa xepaneBxanecKHx cpe^cxB jsji^i 6opb6bi c 
aMHjTOHflosaMH. KpoMe xoxo, nojiyHeHHbie AaHHbie h paspaGoxaHHbie Mexoflbi 
MOAGJiHpoBaHHa in silico MOxyx 6bixb HcnojibSOBanbi ^Ji^ cosflaHHa 

HaHOMaxepHajTOB na ochobc (|)H6pHjTjT0xeHHbix nenxH^OB. 
OcHOBHwe nojio^fCHHH, BbiHOCHMbie Ha 3amHxy: 

l.B nocjieflOBaxejiBHOcxax MOASJibHbix Gcjikob ajTb(|)a-jTaKxajib6yMHHa h 
jTHSOiiHMa cymecxByiox sepKajibHO-CHMMexpHHHbie moxhbbi. 

l.IIenxHfl GYDTQAIVENNESTEYG, coAep^amHii sepKajibHO-CHMMexpHHHbiii 
MOXHB H coBnaAaK)iu,HH no nepBHHHoii cxpyKxype c ynacxKOM 35-51 a.o. 6exa- 
flOMena ajib(|)a-jiaKxajTb6yMHHa, coAep^nx (JDnGpHJiJioxeHHyio AeTepMHnaHxy 3xoxo 
6ejTKa. 

S.IIenxHfl GYDTQTVVNNNGHTDYG, roMOJioxHHHbiii sepKajibHO- 
CHMMexpHHHOMy MOXHBy ajTb(|)a-jTaKxajTb6yMHHa, xaK^e coAsp^Hx 
(|)H6pHJTJToreHHyK) ASxepMHHaHxy 3xoro 6ejTKa h cnocoGen CBasbiBaxbca c hhm b 
cooxHomeHHH 2:1. 

4.Pe3yjTbxaxbi KOMnbioxepHoro MOflejinpoBanHa (JDnGpHJiJioreHesa nenxH^a 
GYDTQTVVNNNGHTDYG, noATBep^AGHbi b SKcnepHMenxax in vitro. 

5.nocxyjTHpoBaH MexannsM ynacxna sepKanbHO-CHMMexpHHHbix moxhbob b 
(|)H6pHJTJToreHe3e Gcjikob. Ha ocHOBanHH xaKoro MexannsMa paccHnxan nenxH^,, 
cnoco6HbiH BjTHaxb Ha aHOMajibHbiii (JDnGpHJiJioreHes jiHSOiiHMa. 

AnpoSauHH pesyjibxaxoB paSoxw. OcHOBHbie nojio^CHHa pa6oxbi 6bijTH 
npeflCxaBjiCHbi na 9-h h lO-ii HymnncKHx Me^AynapoAHbix mKOJTax-KOH(|)epeHiiHax 
MOJTOflbix yncHbix "BnojioxHa - nayKa XXI BCKa" (HymnHO, 2005, 2006), na 
MeiacAynapoAHbix KOH(|)epeHiiHax European Society of Human Genetics (Prague, 
Czech Republic, 2005, Amsterdam, The Netherlands, 2006), na 8- h 9-h 
BcepoccHHCKHx MeflHKO-6HOJTorHHecKHx KOH(|)epeHLi,Hax MOJTOABix HCCJieAOBaxejieii 
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«^ejTOBeK H ero 3AopoBbe» (CanKT-IIeTepGypr, 2005, 2006) na nayHHO- 
npaKTHHecKoii KOH(|)epeHiiHH mojioabix yneHbix «AKTyajTbHbie Bonpocbi 
KjTHHHHecKoii H 3KcnepHMeHTajTbH0H MeflHiiHHbi» (CaHKT-IIeTepGypr, 2005), na 
Me^BysoBCKoii nayHHoii KOH(|)epeHiiHH "XXXIV Helena nayKH CHQTTV (CaHKx- 
nexepGypr, 2005), a xaK^e na KOH(|)epeHiiHH, nocBameHHoii 1 15-jTeTHK) TV HHH3M 
PAMH (CaHKT-neTep5ypr, 2005). 

IlySjiHKauHH. IIo TCMe flHCcepxaiiHH onyGjiHKOBaHbi 2 cxaxbH h 7 tcshcob 
flOKjiaflOB Ha BcepoccHHCKHx H Me^AynapoAHbix KOH(|)epeHiiHax. 

JlHHHwii BKjiaa coHCKaxejiH. CoHCKaxejieM 6bijTH npoBeflCHbi: anajiHS 
jTHxepaxypbi no xeivie HCCJieflOBanHa, njianHpoBaHne SKcnepHMenxoB, nojiyneHHe 
ocHOBHoii HacxH pesyjibxaxoB, HanncaHHe cxaxeii h noflxoxoBKa flOKjiaflOB na 
KOH(|)epeHiiHax. BbiflCJieHHe h OHHCXKa 6ejTKa, HcnojibsyeMoro b pa6oxe, nojiyneHHe 

(|)H6pHJTJT, nOflFOXOBKa 06pa3II0B JSJI51 3JTeKXpOHHOH MHKpOCKOnHH, MOAH(|)HKaiIHa 

cymecxByiomHx MexoflOB jsji^i axoMHoii chjtoboh MHKpocKonHH o6pa3i;oB, 
onxHMHsaiiHa ycjTOBHH JSJI51 (|)jTyopeciieHXHoro anajiHsa, 3JTeKxpo(|)opexHHecKoe h 
xpoMaxorpa(|)HHecKoe pasAejienHe ojinroMepHbix (|)opM Gcjikob. TaK^e coHCKaxejiCM 
6bijTa ocymecxBjieHa paspaGoxKa anropHXMOB opHXHHajibHbix KOMnbioxepHbix 
nporpaMM, HcnojibsoBanHbix b pa6oxe. Oxpa6oxKa anropHXMOB h HanncaHHe 
nporpaMM ocymecxBjiajiHCb cxy^enxoM Ka(|)eflpbi 6ho(|)H3hkh CIIGrny FapiviaeM 
K).n. 3jTeKxpoHHaa MHRpocKonna npoBO^HJiacb b JIa6opaxopHH naxoMop(|)OJTorHH 
BHpycHbix HH(|)eKiiHH TV HHH rpnnna PAMH nofl pyKOBOflCXBOM k.6.h. CnpoxKHHa 
A.K. H B BoxaHHHecKOM HHCXHxyxe PAH. AxoMnaa CHJiOBaa MnKpocKonna 
ocymecxBjiajiacb b JIa6opaxopHH 5ho(|)H3hkh MaKpoMOJiCKyji OMPB HH5IO PAH 
nofl pyKOBOflCXBOM K.(|)-M.H. JleGcflCBa ^.B. HsMepeHne cneKxpoB (|)jTyopeciieHiiHH 
ocymecxBjiajTOCb b HBC PAH nofl pyKOBOflCXBOM fl,(i)-M.H HayxoBa B.^., b Ox^ejie 
5hoxhmhh HHH3M PAMH nofl pyKOBO^cxBOM JIosobckofo B.T., a xaK^e b HHH, 
PAH nofl pyKOBOACXBOM fl,(i)-M.H. TypoBepoBa K. K. HsMepeHne (|)epMeHxaxHBHOH 
aKXHBHOCXH jTHSOiiHMa npoBOAHJTOCb B 0x^,6116 o6meH naxojTOFHH ry HHH3M 
PAMH noA pyKOBOACXBOM k.6.h. BepjiOBa M.H. 



CxpyKxypa aHCcepxauHH. /^HCcepxaiiHa nocxpoena no xpaAHilHOHHoii cxeivie 
H coAsp^Hx pasAGJiti «BBefleHHe», «063op jTHxepaxypbi», «MaxepHajTbi h Mexoflbi», 
«Pe3yjTbxaxbi h o6cy^fleHHe», «BbiBOAbi» h «CnHCOK iinxapyeMoii jTHxepaxypbi», 
BKjTioHaiomHH 120 HHOcxpaHHbix H 18 oxeHecxBeHHbix HcxoHHHKOB. ^HCcepxauHa 
HSJio^ena na 106 cxp. Pesyjibxaxbi npeACxaBjienbi b 1 xaGjiHije h HjijiiocxpHpoBaHbi 
45 pncyHKaMH. 
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1. 0B30P JIHTEPAXyPbl. 

1.1. AMHJ10Ha03W. 

AMHjTOHAOSbi OTHOcaxca K rpynnc xaK nasbiBaeMbix KOH(|)opMaiiHOHHbix 

SaGojieBaHHH, BOSHHKHOBeHHe KOTOpblX CBaSaHO C HSMeHCHHaMH KOH(|)OpMaiIHH 

6ejTKa, npHBOflaniHMH k npHoGpexeHHio hm hoboh hjth HapymeHHio cymecxByiomeH 
(|)yHKiiHH (Merlini, Belotti, 2003). HsMeneHHe KOH(|)opMaiiHH Gcjikob npn 

aMHJTOHAOSaX npHBOflHT K nOaBJieHHK) y HHX CnOC06HOCTH K o6pa30BaHHK) 

HepacTBopHMbix, ycTOHHHBbix K ASHCTBHio npoTcas (|)H6pHJTJTapHbix cxpyKxyp, xaK 
HasbiBacMbix aHOMajTBHbix HJTH aMHjTOHAHbix (|)H6pHjTjT. B HacToaiu,ee BpeMa 
HSBecTHO 6ojTee 60 Gcjikob h nenxHAOB, chocoGhbix oGpasoBbiBaxb xaKne (|)H5pHJTJTbi 
in vitro, c (|)H6pHjTjToreHe30M 20 h3 hhx CBasano pasBHXHe aMHjiOHAOSOB. ^ame 
Bcero Ha6jTiOflaK)xca BHeKjiexoHHbie oxjio^eHHa (|)h6phjtjt, oflnaKO, npn HCKOxopbix 
(|)opMax aMHjTOHflOSOB, (|)H6pHjTjTapHbie arperaxbi 6ejTKa oGnapy^HBaioxca h BHyxpn 
KjiexoK (Lansbury, 1999). BHeicnexoHHbie oxjio^eHHa, coflep^amne (|)H6pHjTjTbi 
6ejTKa, HasbiBaioxca aMHjiOHAHbiMH GjianiKaMH. Hmchho xaKne oGpasoBanHa Gbijih 
BnepBbie BbMBjienbi b xKanax Gojibhofo h onncaHbi BnpxoBbiM b 1854 rofly. TaK KaK 
oGnapy^eHHoe BemecxBO cnei;H(|)HHecKH OKpaniHBajiocb hoaom (nofloGno 
KpaxMajiy), BnpxoB bbcjt fljia ero onncaHHa xepMHH aMHjiOHfl (amyloid, «cxoflHbiH c 
KpaxMajTOM»). OxjTO^eHHa aMHjTOHfla B xKanax Gbijih oGnapy^eHbi npn pasjiHHHbix 
3a6ojTeBaHHax, nojiy^HBinHx o6mee nasBaHHe - aMHjiOHflosbi. B 1864 ro^y Opn^pHx 
H KeKKyjie noKasanH, hxo ochobhbim KOMnonenxoM aMHjiOHAa aBjiaioxca Qqjikh. B 
1959 FOfly npH ajieKxpoHHoii MHKpocKonHH BemecxBa aMHjiOHflHbix GjiamcK 6biJT0 
ycxaHOBjiCHO, hxo oGpasyiomne ero Gcjikh naxoA^xca b (|)H6pHjTjTapH0M cocxoaHHH. 
Jlo Hanajia 70-x foaob 20 BCKa CHHxajiocb, hxo aMHjioHflHbie (|)H6pHjTjTbi, 
oGnapy^HBaeMbie npn pasjiHHHbix saGojieBaHH^x, oGpasoBanbi oahhm h xcm ^e 
5ejTK0M (Horwich, 2002), noaxoMy HCxopHnecKaa CHCxeMa KjTaccH(|)HKai;HH 
aMHjTOHflosoB 6bijTa ocHOBana na jioKajiHsauHH aMHjioHflHbix oxjio^eHHii h na 
KjTHHHHecKHx npoaBjicHHax saGojiCBaHHa (Woo, 1996). B Hacxoamee Bpeivia 
ycxaHOBjicHO, hxo aMHjioHflHbie oxjio^eHHa co^ep^ax okojto 90% ochobhofo 6ejTKa, 
xapaKxepHOFO xojibKO jsji^i ^aHHOFO xnna saGojiCBaHHa h okojto 1 0% o6tu,hx jsji^i Bcex 
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THnoB aMHjT0Hfl,030B KOMnoHCHTOB (Mcrlini, Belotti, 2003). ToHHaa GnoxHMHHecKaa 

HAeHTH(|)HKaiIHa aMHJTOHflOreHHblX 6ejTK0B B COCXaBe aMHJTOHflHblX OTJTO^eHHH 

nosBOJTHJia BBecTH coBpeMCHHyK) KjTaccH(|)HKai;HK) aMHjTOHflOSOB, no KOTopoii 
(|)opMbi 3a6ojTeBaHHa pasjinnaiOT no Ma^opnoMy (JDnGpHjijiooGpasyionieMy 6ejTKy 
(Jakobson, 2004). TaKHM oGpasoM, Bbi^ejiaiOT ABafliiaxb xnnoB aMnjion^osoB. J^iifi 
oGosnaHenna saGojiCBanna npefljio^eno ncnojibSOBaxb jiaTHHCKyio nponncnyio A, 
sa KOTopoH cjie^yeT oGnienpnnaToe KopoxKoe oGosnaHenne ochobhofo KOMnonenxa 
aMHjTOHAHbix OTjio^ennn, (JDopMnpyioninxca npn ^annoM saGojieBannn. HanpnMep, 
aMHjTOHAOS, CBasannbiH c (JDnGpHjijiorenesoM jinsoiiHMa (Lys) oGosnanaexca KaK 
ALys (Pepys et al., 1993). B xaGjiniie 1 npHBCAenbi nanGojiee nacxo BCxpenaioniHeca 
(|)opMbi aMHjT0Hfl,030B H 6ejTKH, (|)H6pHjTjToreHe3 Koxopbix CBasan c BOSHnKHOBenneM 

XaKHX (|)OpM. 

IIoMHMO ocHOBHOFO (|)H6pHjTjTOo6pa3yK)niero 6ejTKa, Bce aMnjionflnbie 
oxjio^enna co^ep^ax xaK^e Mnnopntie KOMnonenxbi. 

CbieopomoHHhiu OMUJioud p. B cocxaBe aMnjionflnbix oxjio^ennn 3xox 6ejT0K 
(cbiBopoxoHHbiH aMHjTOHfl, P (CAII), 6ejT0K, npHHafljTe^caniHH k Kjiaccy 
nenxpaKCHHOB) npncyxcxByex b bh^s xaK nasbiBacMoro nenxaronajibnoro 
KOMnonenxa (HK). CAII npe^cxaBjiaex npnGjinsHxejibno 5% Bcex Gcjikob 
aMHjTOH;i,nbix oxjio^ennn. B 3KcnepHMenxax na ^HBOxnbix 6biJT0 noKasano, hxo 
oxcyxcxBne CAQ cnn^aex CKopocxb oGpasoBanna aMnjion^nbix GjiameK. Ilpn 
BBCAennn paflnoaKXHBno Menenoro CAQ naiinenxaM c aMnjionflOsaMH naGjnoflann 
naKonjienne 3xoro KOMnonenxa b opranax, tjxq nponcxo^HJio oGpasoBanne 
aMnjion^nbix oxjio^ennn, noaxoMy 6biJT0 npe^jio^eno ncnojibSOBaxb 3xox 6ejT0K 
npn flnarnocxnKe aMnjion^osoB (Jakobson, 2004). 

AnojiunonpomeuH E (AnoE). AnoE aBjiaexca KOMnonenxoM Bcex xnnoB 
aMnjTonfl,nbix oxjio^ennn. Pojib AnoE b (|)opMnpoBannn aMnjTonfl,nbix oxjio^ennn b 
nacxoaniee BpeMa nensBecxna, xoxa b necKOJibKnx pa6oxax noKasano, hxo 
nacjie^OBanne anjiejia anoEl CBasano c noBbimennbiM pncKOM pasBnxna Gojiesnn 
AjTbi;reHMepa n AHa6exa xnna 2 (Zekanowski et al., 2003; IIoKpoBCKnii n ^p., 2004). 
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TaSjiHua 1. AMHjTOHAoreHHbie 6ejiKH npn HanGojiee pacnpocTpaneHHtix 
(|)opMax aMHjTOHAOSOB (Woo, 1996). 



MasKopHbiii 5ejiOK ^h6phjiji 


3a5ojieBaHHJi 


HMMyHorjioGyjiHHbi 


Ammjiohaosw, conpoBOJKAaioiuHe 
BOcnajiHxejibHbie npoiieccbi, MHenoMbi (AL (L 
- ox Light chain of immunoglobulins)) 


TpaHCTHpexHH 


CeMeuHbie aMujioHAOSbi, KapAHoaMujioHAOSbi 
(ATIR) 


Bexa-aMHnoHAHbiH nenxHA 


BojiesHb AjibiireHMepa (b xom HHCJie npn 
CHHApoMe flayua) (ABeta) 


IIpHOHHblH 6ejI0K 


BojiesHb KpeHLi4)ejibA-ilKo6a, (j^axanbHaa 
ceMeuHaa GeccoHHuiia, ryGnaxaa 
3HLie4)ajionaxHH (APrP) 


AmHJIHH (oCXpOBKOBblH aMHJIOHAHblH 

nojiHnenxHA, Islet Amyloid Poly Peptide) 


HHcyjiHHOMa hjih AHaGex xuna 2 (AIAPP) 


AjibcJDa-CHHyKjieHH 


BojiesHb riapKHHCOHa (ASyn) 



IIpomeozjiUKaHbi. npoxeorjiKKaHbi oGnapy^HBaiOTca bo Bcex xanax aMHjioHAHbix 
OTjTO^eHHH. PojTb Hx B aMHjTOHAoreHese noKa ne HSBecxna, OflnaKO noKasano, hto 
xaKHe coeflHHeHHa cnocoGnbi yBejTHHHBaxb CKopocxb oGpasoBanna aMHjiOHflHbix 
(|)H6pHJTJT in vitro (Jakobson, 2004). 
/fpyeue dejiKu. 

B cocxaBe aMHjioHAHbix oxjio^eHHH xaK^e oGnapy^HBaioxca cjiCAOBbie KOJinnecxBa 
(|)H6poHeKXHHa H y6HKBHXHHa (Jakobson, 2004). 

1.2. PacnpocTpaHCHHwe $opMw aMHjioHao30B. 

AMHjTOHflOSbi aBjiaioxca flOBOJiBHO pacnpocxpaHeHHOH rpynnoH saGojieBaHHH. 
TaK, GojiesHb AnbiireiiMepa BbMBjiena b nacxoamee BpeMa y 12 mjth. jiiofleii 
(Merlini, Berlotti, 2003), aMHjioHflos nofl^ejiyflOHHoii ^ejiesbi, CBasaHHbiii c 
(|)H6pHJTJToreHe30M aMHjTHHa, aBjiaexca HanGojiee nacxbiM ocjio^HCHHeM fl,Ha6exa 
xHna 2. IlepHOAHHecKH Ha6jTK)Aaioiu,Heca annsooxKH ryGHaxoii 3Hiie(|)ajTonaxHH y 
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poraxoro CKOxa HaHOcax Gojibinoii ymep6 cejibCKOMy xosaiicxBy h npeflCxaBjiaiox 
C060H noxeHLiHajTbHyK) onacHOCXb jsji^i sflopoBba HejiOBCKa (IIokpobckhh h jsp., 
2004). IIo pasjTHHHbiM AaHHbiM, aMHjTOHflos Mosra FHCxoxHMHHecKH BbMBjiaexca ex 
vivo y 80-100% jnoAeii cxapme 85 jiex (OH(|)a, 1987; Merlini, Berlotti, 2003). 

1.2.1. AMHjioHao3w, CBfl3aHHbie c ^H6pHjijioreHe30M Sexa-aMHjioHaHoro 
nenxH^a (ABeta). Bexa-aMHjiOHflHbiii nenxH^, (BAIT) - 3xo nojinnenxHA 
npoxaaceHHOCXbK) 39-42 a.o., aBjiaiomniica oakhm hs nepBbix Gcjikobbix 
KOMnoHeHxoB, Hfl,eHXH(|)HLi,HpoBaHHbix B cocxaBC aMHjTOHflHOH GjianiKH npH GojiesHH 
AjTbiixeiiMepa. J^iifi 3x0x0 nojinnenxHAa xaK^e Gbijio BnepBbie noKasano, hxo b 
cocxaBe (|)h6phjtjt ochobhbim ajiCMenxoM exo bxophhhoh cxpyKxypbi aBjiaioxca 6exa- 
xa^H. B CBasH c 3XHM 6exa-aMHjiOHfl,HbiH nenxHfl, h nojiynnji CBoe nasBaHHe (Koo et 
al, 1999). 

IIpeAniecxBeHHHKOM BAIT aBjiaexca xpaHCMeMGpaHHbiii Gcjiok APP (Amyloid 
Peptide Precursor), CHHxesHpyiomHiica b KjiexKax Mosxa. OyHKiina 3x0x0 6ejTKa b 
HopMe noKa ocxaexca HensBecxHoii. APP cnoco6eH noflBepxaxbca BOSAeficxBHio 
npoxeojTHXHHecKHx (|)epMeHX0B - ceKpexas, pacmenjiaiomnx nenxHfl,HyK) cb^sb b 
xpaHCMeM5paHH0M AOMene 3x0x0 6ejTKa. TaKoe pacmenjieHne npHBO^Hx k 
noaBjieHHK) BO BHeKjiexoHHOM npocxpancxBe cnocoGnoxo k oGpasoBaHHio (|)h5phjtjt 
N-KOHLi,eBoxo ynacxKa APP npoxa^eHHOcxbio 39-42 a. o. Co6cxBeHHO 3xox 
oxmenjiaeMbiii (|)paxMeHx h hochx nasBaHHe BAIT. 

OnGpHJiJioxeHes BAIT naGjiiOflaexca npn GojiesHH AjibiixeiiMepa - 
HeiipoAexeHepaxHBHOM saGojieBanHH, npHBO^^meM k xa^ejioii yMCXBenHoii 
AexpaAaiiHH. MaccoBaa xnGejib neiipoHOB naGjiiOAaexca na Bcex cxa^Hax 
(|)H5pHJTJTOxeHe3a BAIT (IIokpobckhh h flp., 2004). 

IIpoxa^eHHOCXb BAQ (39, 40 hjth 42 a.o.) saBHcnx ox nojio^enna caiixa axaKH 
ccKpexas, oGycjiOBjiCHHOxo HacjieflOBaHHCM o^hoxo h3 xpex hsbccxkbix b nacxoamee 
BpcMa BapnaHxoB APP. HanGojiee aMHjiOHflOxeHHbiM aBjiaexca nenxH^, 
npoxa^eHHOcxBK) 42 a.o. AMHHOKHCJioxHbie saMCHbi Bcxpenaioxca xaK^e h b 
nocjieflOBaxejiBHOCXH caMOxo BAQ. C hckoxopbimh h3 hhx xaK^e CB^sbiBaiox 
xa^ecxb xeHCHHa Gojicshh AjibLtxeiiMepa. ^pyxne (|)opMbi Gojicshh AjibLtxeiiMepa 
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CBasaHbi c HapymeHHeM peryjiaiiHH (|)yHKiiHH ccKpexas h flpyrnx (|)epMeHTOB, 
ynacTByiomHx b npoiieccHHre APP (Massi et al., 2002). 

Amhjtohaos, CBasaHHbiii c (|)H6pHJTJToreHe30M BAIT nacxo HaGjnoflaexca xaK^e 
npH CHH^poMe ^ayna. B 3tom cjiynae BOSHHKHOBeHHe aMHjiOHAOsa BbiSBano c 

HajTHHHeM y GoJIBKBIX AOnOJTHHTejlbHOil KOnHH XpOMOCOMbI 21 (rcH APP 

jTOKajTHSOBaH B 3T0H xpoMOCOMc) H noBbimeHHOH npoflyKiiHeii APP (Jakobson, 
2004). 

1.2.2. AMHjioHao3M, CBH3aHHwe c ^H6pHjijioreHe30M xpaHCTHpexHHa 
(ATTR). TpaHCTHpexHH (npeajibGyMHH, TTR) - 3to roMOxexpaMep c MOJieKyjiapHoii 
Maccoii 54 K^a, CHHxesHpyiomHiica b neneHH h xopoHflHOM cnjiexeHHH. Ochobhbimh 
(|)yHKLi,H>iMH TTR aBjiaioxca xpaHcnopx xopMona xapoKCHHa h pexHHOJi- 
CBasbiBaiomexo 6ejTKa (Koo et al., 1999). ^exbipe cyGteAHKHiibi TTR (JDopMHpyiox 
iIHjTHHApHHecKHH KaHajT, BHyxpcHHaa Hacxb Koxopoxo cnocoGna CBaSblBaXb 

XHpOKCHH. 

CymecxByiox ceMeiiHbie h cnopaflHHecKHe cjiynan ATTR. B xene TTR hsbccxho 
6ojTee 80 MyxauHii, npHBOflaiu,Hx k HSMeHeHHio aMHHOKHCJioxHoii 
nocjieflOBaxejTBHOCXH 3xoxo 6ejTKa. Hs hhx Gojiee 60 xoHennbix aMHHOKHCJioxHbix 
saMCH noBbimaiox exo cnocoGnocxb k (|)opMHpoBaHHK) (|)h6phjtjt (SWISS-PROT). 
AMHjT0H;i,03bi, CBa3aHHbie c HajTHHHeM MyxaiiHH B xene TTR, nacjieAyioxca no 
ayxocoMHO-flOMHHaHXHOMy xHny c pa3JTHHH0H nenexpaHXHOCXbio. HanGojiee nacxo 
Bcxpenaioxca aMHHOKHCJioxHbie 3aMeHbi V30M (IIopxyxajTHa, ilnoHna, LQBeiiHa) h 
VI 221 (3,9% a(|)poaMepHKaHi;eB). TaKne MyxauHH b TTR npHBO^^x k HaKonjieHHio 
aMHjTOHAa B nepByio onepeAt b nepH(|)epHHecKOH nepBHoii CHCxcMe, cep^iie h 
^ejiyAOHHO-KHineHHOM xpaKxe (OMIMTTR). 

J\ji^ (|)H6pHJTJTOxeHe3a TTR neoGxoflHMO, Hxo6bi npoH3omjTa nojinaa 
AHCCoiinaiiHa xexpaMepa h yxpaxa HaxHBHoii KOH(|)opMaiiHH MonoMepoB (Quintas et 
al., 2001; Merlini, Belotti, 2003). B onbixax na KjiexKax HefipoGjiacxoMbi b Kyjibxype 
6biJT0 noKa3aHO, hxo MaKCHMajibHbiM xokchhcckhm AGHCxBHeM oGjia^aiox 
aHOMajTBHbie xeKcaMepbi TTR (Reixach et al., 2004). 
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CnopaAHHecKHe cjiynaH ATTR naGjiiOflaiOTca tojibko b ceHHjibHOM Bospacxe. B 
3T0M cjiynae aMHjiOHflHbie (|)H6pHJTJTbi oGpasoBanbi TTR, ne necymnM 
aMHHOKHCJTOTHbix saMCH. IIo-BHAHMOMy, npHHHHOH cnopaflHHecKoro ATTR 
aBjiaioTca HapymeHHa KjiexoHHoii CHCxeMbi KOHxpojia (|)OJTflHHra 6ejTKa b ceHHjibHOM 
BOspacxe, xaK KaK b ontixax in vitro xaKoii 6ejT0K cnoco6eH (|)opMHpoBaxb (|)H6pHJTJTbi 

XOJlbKO npH BblCOKHX KOHIICHXpailHaX H HH3KHX SHaHCHHaX pH. AMHJTOHflHbie 

oxjTO^eHHa HopMajibHOFO TTR oGnapy^HBaioxca ex vivo b cepflenHbix Kjiananax 
6ojTee, HCM y 25% jiiofleii cxapme 90 jiex h HHorfl,a npHBO^ax k BOSHHKHOBeHHio 

CeHHJlbHblX KapAH0aMHJT0Hfl,030B. 

Efl,HHCXBeHHbIM HSBCCXKblM Ha fl,aHHbIH MOMCHX 3(|)(|)eKXHBHbIM CnOC060M 

jTeneHHa aMHjiOHAOsa, CBasaHHoro c HajiHHHeM Myxaiinii b xpancxHpexHHe, aBjiaexca 
nepeca^Ka neneHH (Woo, 1996). 

1.2.3. IIpHOHHwe 3a6ojieBaHHJi (APrP). Bcjiok PrP (Prion Protein) 
npHo6pexaex cnocoGnocxb k (JDnGpHJiJioreHesy nocjie KOH(|)opMaiiHOHHoro 
HSMCHeHHa, npoHCxoflaniero npn BsaHMOfleiicxBHH c xaKHM ^e Gcjikom b 
aMHjTOHfloreHHoii aHOMajibHoii KOH(|)opMaiiHH. HecMoxpa na HHxeHCHBHoe HsyneHHe 
CBoiicxB 3xoro 6ejTKa, ero (|)yHKi;Ha b HopMe ocxaexca HeacHoii (noKpoBCKHii h AP-, 
2004). 

Hpn HH(|)eKLi,HOHHbix (|)opMax npHOHHbix saGojieBaHHH (GojiesHb Kypy, ryGnaxaa 
3Hiie(|)ajTonaxHa, CKp3HnH) HH(|)eKiiHOHHOH eflHHHiieH aBjiaexca nonaflaioniHH b 
opraHHSM 6ejT0K b aHOManbHoii KOH(|)opMaiiHH. Hepeflana saGojiCBaHHa Mo^ex 
ocyniecxBjiaxbca KaK BHyxpn o^hofo BHfl,a, xaK h Me^^y BHfl,aMH, BCJie^cxBHe 
BbicoKoii KOHcepBaxHBHOcxH nocjiCAOBaxejibHocxH PrP (Gasset et al., 1992). IIpH 
HacjieflcxBeHHbix (|)opMax (Gojicshb KpeHii(|)ejTbAa--H^Ko6a, (JDaxajibHoii ceMeiiHOH 
6eccoHHHiie) aHOMajibHbiii (JDnGpHjijioreHes PrP CBasan c HajiHHHeM reHexHHecKH 
oGycjTOBjieHHbix aMHHOKHCJioxHbix saMCH. B 3X0M cjiynae saGojiCBaHHe nacjieAyexca 
no ayxocoMHO-flOMKHanxHOMy xnny. Bbijio noKasano, hxo Gcjtok, Hecyninii xaKne 
MyxauHH, oGjia^aex noBbimeHHoii ckjiohhocxbio k (JDnGpHJiJioreHesy in vitro (Hnre- 
BenxoMOB, 2000). 
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1.2.4. AMHJ10Ha03, CBH3aHHWH C ^H6pHJlJ10reHe30M aMHJIHHa (AIAPP). 

Jlaa.6QT THna 2 aBjiaexca HanGojiee pacnpocxpaHeHHbiM KOH(|)opMaiiHOHHbiM 
saGojieBaHHCM. AMHjioHflHbie oxjio^eHHa b noA^ejiyAOHHoii ^ejiese onncaHbi 
BnepBbie Gojiee 100 jiex nasafl, h aBjiaioxca oahhm hs HanGojiee nacxbix ocjio^HeHHH 
npH 3X0M saGojieBaHHH (IIokpobckhh h aP-, 2004). AMHjiOHflOoGpasyiomHM Gcjikom 
npH flHa6exe xnna 2 aBjiaexca lAPP (Islet Amyloid Polypeptide), xaK^e HSBecxHbiii 
KaK aMHjTHH. AMHjTOHflHbie oxjio^eHH^ jTOKajTHsyioxca xojTbKO Me^Ay KJieXKaMH, 
OKpy^aiomHMH ocxpoBKH JlaHFepraHca. IIpoxa^eHHOcxb lAPP cocxaBjiaex 37 a.o. 
3xox 6ejT0K ceKpexHpyexca 6exa-KjTexKaMH noA^ejiyAOHHoii ^ejiesbi BMecxe c 
HHcyjTHHOM KaK y 6ojTbHbix fl,Ha6exoM, xaK h y s^opoBbix jnoAeii. npeAnojiaraeMoii 
(|)yHKLi,HeH lAPP aBjiaexca peryjiaiina ceKpeiiHH HHcyjiHHa h MOflyJinpoBaHHe ero 
aKXHBHOCXH B FjiaflKOH MycKyjiaxype (Jakobson, 2004). J^ji^i (|)opMHpoBaHHa 

aMHJTOHflHblX (|)H6pHJTJT HeoGxO^HMa yxpaxa HaXHBHOil KOH(|)OpMaiIHH lAPP. 

IIpHHHHbi, npHBOflamne k xaKoii KOH(|)opMaiiHOHHOH nepecxpoHKe, b nacxoamee 
BpeMa ocxaioxca HeBbiacHeHHbiMH. ITocjieflOBaxejibHocxb lAPP aobojtbho 
KOHcepBaxHBHa, xoxa HSBecxHa aMKHOKHCJioxnaa saMena (S20G), oGnapy^eHHaa b 
anoHCKoii nonyjiaiiHH. TaKaa saMena Bcxpenaexca y Gojibkbix fl,Ha6exoM xnna 2 
6ojTee Hacxo, neM y s^opoBbix jnoAeii, o^naKO npn HsyHeHHH in vitro Gbijio 
noKasano, hxo ona ne npHBO^Hx k noBbimeHHio aMHjTOH^ioreHHOCXH lAPP. 
AMHjTOHflos nofl^ejiyflOHHOH ^ejiesbi y jthii b ceHHjibHOM Bospacxe, ne cxpa^aiomHx 
AHa6exoM xnna 2, oGnapy^HBaexca npnGjiHSHxejibHO y 15% oGcjieAOBaHHbix 

(IIOKpOBCKHH H JSp., 2004). 

1.2.5. AMHjioHao3 npH 6ojie3HH IlapKHHCOHa (ASyn). IIpH GojiesHH 
IlapKHHCOHa B fl,o(|)aMHH3prHHecKHx HeiipoHax naGjiiOflaioxca BHyxpHKjiexoHHbie 
6ejTK0Bbie BKjTiOHeHHa, nojiyHHBniHe nasBaHHe xejiei; JleBH. Ma^opnbiM 
KOMnoHeHxoM xejiei; JleBH aBjiaioxca aMHjioHflHbie (|)H6pHjTjTbi, oGpasoBanHbie 
6ejTK0M ajTb(|)a-CHHyKjTeHHOM. B HopMe ajTb(|)a-CHHyKjTeHH ynacxByex b 

(|)OpMHpOBaHHH CHHanCOB. 

B rene, KOflnpyiomeM 3xox 6ejT0K, HSBecxHbi ^Be MyxaiiHH, cooxBexcxByiomne 
saMenaM A30P h A53T, h aBjiaiomHeca npHHHHoii HacjieflcxBeHHoii 
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npeApacnojTO^eHHOCTH k Gojicshh IlapKHHCOHa. B SKcnepHMeHxax in vitro 
noKasano, hto xaKHe aMHHOKHCJioxHbie saMCHbi npHBOflax k noBbimeHHoii 
aMHjTOHAoreHHOCTH ajTb(|)a-CHHyKjTeHHa (Kim et al., 2000; Yagi et al., 2005). 

1.3. MojiCKyjiHpHwe MexaHH3Mw aereHepaxHBHbix npoueccoB npn 
aMHjioHao3ax. 

B HacToamee BpeMa cymecxByiOT abc ocHOBHbie rnnoTesbi, oGtacnaiomHe 
AerenepaTHBHbie npoiieccbi npn aMHjiOHflOsax. IIo OflHoii h3 hhx npHHHHoii rnGejiH 
KjiexoK aBjiaioTca TOKCHHHbie npe(|)H6pHJTJTapHbie (|)opMbi 6ejTKa, cnoco5Hbie 
HecneiiH(|)HHecKH BsaHMOAeHCXBOBaxb c KjiexonHbiMH cxpyKxypaMH (Bucciantini et 
al., 2004; Sousa et al., 2001), no Apyroii - naxojiorHHecKHH npoiiecc CBasan co 
CBOHCXBaMH y^e c(|)opMHpoBaBmHxca (|)H6pHJTJT (Lansbury, 1999). 

1.3.1. Pojib npe^HSpHjijiHpHbix ^opM Scjikob b naToroenese aMHjiOHao30B. 
HsMenenue npoHUiiaeMOcmu KJiemouHOU MerndpaHU. J\ji5i BAIT, npnoHHoro 
6ejTKa, lAPP h jiHSOiiHMa b ontixax na Kyjibxypax KjiexoK 6biJT0 noKasaHO (Demuro 
et al., 2005), hxo oGpasyiomHeca b npoi;ecce (JDnGpHJiJioreHesa ojinroMepHbie (|)opMbi 
3XHX 5ejiK0B cnoco6Hbi HSMenaxb npoHHi;aeMOCXb KjiexoHHoii MeiviGpanbi jxjiii hohob 
Ca , B xo BpeMa KaK HaxHBHbie h (JDnGpHJUiapHbie (|)opMbi 3xhx nojinnenxHAOB ne 
oGjia^aiox xaKHMH CBoiicxBaMH. 
BsauModeucmeue c MumoxondpuRMU. B pa6oxe (Malisauskas et al., 2006) 

HSyHajTOCb BJlH^HHe (|)H6pHJTJT H npe(|)H6pHJTJTapHbIX OJTHFOMepHblX (|)OpM JTHSOIIHMa 

jTomaflH Ha Kyjibxypbi paKOBbix KjiexoK. Bbijio noKasano, hxo HMeHHO 
npe(|)H6pHJTJTapHbie (|)opMbi cnocoGnbi HHflyilHpoBaxb anonxos, b xo BpeMa KaK 

paCXBOpHMaa (|)OpMa JlHSOIIHMa H (|)H6pHJTJTbI JTHSOIIHMa He OKaSblBaiOX XaKOFO 

AeiicxBHa. HsBecxHO, hxo ojinroMepHbie (|)opMbi ajTb(|)a-jTaKxajTb6yMHHa (AJI), 
oGpasyiomneca b ycjiOBHax, cnoco6cxByK)iu,Hx (JDnGpHJiJioreHesy, xaK^e oGjia^aiox 
npoanonxoxHHecKHMH CBoiicxBaMH b oxHomeHHH Kyjibxyp onyxojieBbix KjiexoK 
(Svensson et al., 2000, Svensson et al., 1999). B ontixax, npoBeAenHbix na 
HSOJTHpoBaHHbix MHxoxoHApH^x, 6biJT0 HOKasaHO, HXO xaKHe (|)opMbi AJI cnoco6Hbi 
HSMenaxb npoHHLi,aeMOCXb cxenoK mhxoxohaphh h cnoco6cxBOBaxb 
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BbICB060^AeHHK) IIHTOXpOMa C. IToaBJieHHe IIHTOXpOMa C B IIHT030JTH MO^CT 

nocjiy^HTb CHrnajTOM k aKXHBaiiHH anonxoxHHecKoro nyxH rnGejiH kjicxkh. K 

CO^ajieHHK), BOSMO^Hbie MexaHHSMbI AOCXaBKH OJTHFOMepOB AJI BHyxpb KJieXKH 

ocxaioxca HeBbMCHeHHbiMH (Kohler et al., 2001). 

HecneUfUipuuecKoe esauModeucmeue c pei^enmopoMU. Heo6xoflHMaa jxjia 

aMHjTOHfloreHesa noxepa HaxHBHoii KOH(|)opMaiiHH 6ejTKa Mo^ex npHBecxH k 

BOSHHKHOBeHHK) CnOC06HOCXH K HeCneiIH(|)HHeCKHM BSaHMOfleilCXBHaM Me^fly 

HHxepMeflHaxaMH (|)H6pHjTjToreHe3a h KjiexoHHbiMH peijenxopaMH, b xom hhcjic 
ynacxByiomHMH b peryjiaiiHH KjiexoHHoro iiHKjia (Srisailam, 2003). HanpHMep 
cnoco6HOCXb k xaKOMy BsaHMOfleficxBHio noKasana aji^ HenpaBHjibHO cjio^eHHbix 
MOHOMepoB TTR, oGpasyiomnxca na HanajibKbix cxa^Hax (JDnGpHjijioreHesa 3xoro 
6ejTKa. (Bucciani et al.,2004). 

1.3.2. Pojib ^nSpHjiji B naxorenese aMHjiOHao30B. B pa6oxe (Opazo et al., 
2002) 5bijT0 noKasano, hxo BAIT cnoco6eH (|)opMHpoBaxb ojinroMepHbie KOMnjieKCbi, 
coflep^amne MeAt-CBasbiBaiomHii caiix, cxoflHbiii no cxpyKxype c caiixoM Me^b- 
iIHHKOBoii cynepoKCHA-AHCMyxasbi. TaKne KOMnjieKCbi KaxajinsHpyiox OKHCJieHne 
Cu MOJieKyjiapHbiM KHCJTopoAOM H xeM caMbiM npHBOA^x K o6pa30BaHHK) nepeKHCH 
BOAopofla. ^Jia npoxeKaHHa axoii peaKiinn Heo6xoflHMO npncyxcxBHe xojiecxepHHa, 
BHxaMHHa C, L-^OOA h fl,o(|)aMHHa. Arxkbhocxb KOMnjieKCOB HHrHGnpyexca 
aHXHxejiaMH k BAIT, xejiaxopaMH MeflH h iihhkom. BosAeiicxBHe na KjiexKy 
oGpasyiomeiica b 3xom npoijecce nepeKHCH BOflopofla, bosmo^ho, aBjiaexca, oakhm 
H3 KjTiOHeBbix SBeHbeB naxorenesa HeiipoflereHepaxHBHbix saGojieBanHH, CBasannbix 
c anoMajTbHbiM (|)H6pHJTJToreHe30M BAIT. C Apyroii cxopoHbi, 6bijT0 noKasano, hxo 
npn npnoHHbix saGojieBannax HeHpoAereHepaiiHa MO^ex 5bixb xaK^e CBasana c 
noxepeii aHXHOKCHAaHXHoii aKXHBHOCXH npnoHHoro 6ejTKa, BbiSBaHHoii ero 
nepexoAOM b nepacxBopHMyio (|)opMy (Brown, Sassoon, 2002). 

/l,annbie, nojiynennbie (Gaeta et al., 2005), CBH^exejibcxByiox, hxo npn pasBHxnn 
aMHjTOHAOSOB, CB^sannbix c (JDnGpHjijiorenesoM npnonnoro 6ejTKa n ajTb(|)a- 
cnnyKjienna renepauna iinxoxoKcnnecKHx cboGoahmx paAHKanoB KncjiopoAa c 
ynacxneM nonoB ^ejiesa n Me^H xaK^e nrpaex KpnxHHecKyio pojib. Bbijin 
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npcAJio^eHbi cxpaxerHH npeflynpe^flCHHa HeHpoAereHepaiiHH npn 3thx 
saGojiCBaHHax c HcnojibsoBaHneM xejiaxopoB MexajiJiOB. 

HsBecTHO xaK^e HanHHae cb^sh Me^^y xa^ecxbio xeneHHa aMHjioHflosa h 

HajTHHHeM MyxailHH, npHBOflaiU,HX K CHH^eHHK) aKXHBHOCXH CneiIH(|)HHeCKHX 

npoxeas, cnocoGnbix in vitro ocymecxBjiaxb npoxeojiHS (|)h6phjtjt BAIT (Leissring et 
al, 2003). 

1.4. Mop^ojiorHH ^nSpHjiji. 

HsyneHHe (JDnGpHjijioreHesa aMHjiOHAoreHHbix Gcjikob HejiOBCKa in vivo 
conpa^eHO c onpeflejieHHbiMH cjio^hocx^mh, CBasaHHbiMH c oxcyxcxBHCM b 
Hacxoamee Bpeivia bosmo^hocxh AHarHocxHKH aMHjioHflosoB na paHHHx cxa^Hax, a 
xaK^e c saxpyflHCHHaMH MopajibHO-axHHecKoro xapaKxepa. B pa6oxe (Serpell et al., 
2000) 6biJTH conocxaBjiCHbi pesyjibxaxbi anajiHsa cxpyKxypbi aMHjiOHflHbix (|)h6phjtjt, 
BbiAejieHHbix H3 xKaHeii Gojibkbix ex vivo h (|)h6phjtjt, o6pa30BaHHbix xcmh ^e 
6ejTKaMH in vitro. Pesyjibxaxbi 3xoro conocxaBjiCHHa noKasanH HAenxHHHOCXb 
(|)H6pHjTjT, nojiyHeHHbix xaKHMH cnoco6aMH, h, cjieflOBaxejibHO, uejiecooGpasHocxb 
HsyneHHa aMHjiOHAoreHHbix cbohcxb Gcjikob in vitro. Hsjio^eHHbie hh^c 
jTHxepaxypHbie Aannbie nojiyneHbi, b ochobhom, npn HsyneHnH cxpyKxypbi (|)h6phjtjt 
in vitro. 

1.4.1. IIpoTO^HjiaMeHTbi H ^nSpHjijibi. OnGpHJiJibi, o6pa30BaHHbie 
pasjTHHHbiMH 6ejTKaMH, oGjiaflaiox cxoahoh Mop(|)OJTorHeH. B pa6oxe (Chamberlain et 
al., 2000) 6biJTH conocxaBjieHbi pesyjibxaxbi anajiHsa Mop(|)OJTorHHecKHx 
ocoGeHHOcxeii (|)h6phjtjt, o6pa30BaHHbix 11 pasjiHHHbiMH GejiKaMH h nenxH^aMH, b 
xoM HHCJie BAIT, aMHjiHHOM, TTR h jthsoiihmom. HsyneHHe cxpyKxypbi (|)h6phjtjt 

npOBOAHJTOCb C nOMOmbK) 3JTeKXpOHHOH H CKaHHpyiOmeil 30Hfl,0B0H (axoMHoii 
CHJTOBOil) MHKpOCKOnHH. OnGpHJlJlbl, 06pa30BaHHbie paSJTHHHblMH 6ejTKaMH, HMeiOX 

AHaMexp ox 5 jip 150 hm, npaneM ^Haiviexp (|)H5pHJTJTbi saBHCHx ox ycjiOBHii 
(|)H6pHjTjToreHe3a. IIpH HCCJieflOBaHHH xohkoh cxpyKxypbi (|)n6pnjiji 6bijio noKasano, 
Hxo (|)n6pnjijia o6pa3yexca H3 jieBOsaKpynenHbix npoxo(|)njiaMeHxoB, AHaiviexp 
Koxopbix cocxaBjiaex 2-5 hm h cjia6o aaBHCHx ox ycjiOBHii (|)n6pnjijioreHe3a. 
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JlaaMQTp npoTO(|)HJTaMeHTa saBHCHx ox KOJiHHecxBa 6exa-cjToeB, ynacxByiomHx bo 
BsaHMOfleiicxBHax, oupQjsffjimomux (|)H6pHJTJToreHe3, h npaKxanecKH ne saBHCHx ox 

HHCJia aMHHOKHCJTOXHblX OCXaXKOB B nOCJlCflOBaxejlbHOCXH (|)H6pHJTJT0reHH0r0 6ejTKa 

(Chamberlain et al., 2000). Cxoahbic AaHHbie Gbijih nojiyneHbi npn HsyHeHHH 
nonepeHHbix cpesoB (|)h6phjtjt mcxo^om KpHOSJieKxpoHHoii MHKpocKonHH (pHcynoK 
1.1) (Serpen etal, 2000). 

B pa6oxe (Sunde et al., 1997) npHBeAenbi pesyjibxaxbi HccjieAOBanHa 
MajToyrjTOBOFO pacceaHHa peHxrenoBCKHx jiyHeii na (|)H6pHjTjTax, oGpasoBaHHbix 10 
pasjTHHHbiMH 6ejTKaMH H nenxHfl,aMH. ^jia Bcex oGteKxoB naGjiioflajTHCb 
npaKXHHecKH HAenxHHHbie naxxepHbi pacceaHHa, hxo CBH^exejibCXByex o cxoflCXBe 
cxpyKxypHbix sjieMenxoB, jieacamnx b ocHOBe (|)H6pHjijioreHe3a pasjiHHHbix GejiKOB. 
Ha pHcyHKe 1.2 npeflCxaBjien xaKoii xHnHHHbiii naxxepn. PasjiHHHa naGjiiOAajiHCb 
xojibKO B fl,o6aBOHHbix jTHHHax, cooxBexcxByioiiiKx pacce^HHio Ha 6ojTee Kpynnbix 
oGteKxax, cooxBexcxByiomnx pasjiHHHbiM xnnaM yKjia^KH npoxo(|)HjTaMeHxoB. 
AnajTHS xaKHx xapaKxepnbix jsji^i d^nQpniui naxxepnoB nosBOJiHJi npefljio^cHXb 
o6iii,yK) cxpyKxypy npoxo(|)HjTaMeHxa. 




PncyHOK 1.1. ^aHHbie o cxpyKxype (|)h6phjtjt, nojiynenHbie c noMombio 
KpHoajieKxpoHHoii MHKpocKonHH (a,b,c,d) - peKOHcmpyKijuu cmpyKmypu (pudpu/i/i, 
coomeemcmeyjoii^ux cpesajvt (e,f,g,h) - coomeemcmeeHHO. (Serpell etal, 2000). 
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PncyHOK 1.2. THnHHHbiH naxrepH ManoyrjiOBoro pacceaHHa peHxreHOBCKHx jiyHeii 
Ha (|)H6pHJTJTax YKasana jiuhuh (cA fiber), coomeemcmeyjomaH pacceHHUJO na nuneuHO 
pacnojioj/ceHHbix ojihcpa-ysnepodHhix amojvtax (Sunde et al, 1997). 

OCHOBHbIM CXpyKXypHblM SJieMeHTOM npOTO(|)HJTaMeHTa aBJiaiOTCa 6eTa-CJT0H, 

opHeHTHpoBaHHbie nepncHAHKyjiapHO och (|)H6pHJTJTbi. IIoMHMO xapaKxepHoro jxji^ 
Gexa-cjToeB saKpynHBaHHa, npHcyxcxByex cynepcKpyneHHOCXb (|)H6pHjTjTbi c maroM 
cnnpajTH, cooxBexcxByiomHM HHCJiy Gexa-xa^eii, npaxoflameMyca na ee bhxok. Ha 
pHcyHKe 1.3 npeACxaBjiena peKOHCxpyKiiHa cxpyKxypbi (|)H6pHJTJTbi no ^.aHHbiM 
MajToyrjTOBOFO pacceaHHa peHxrenoBCKHx jiyHeii. 




1 15- A, 
24 p-stran. 



PncyHOK 1.3. PeKOHCxpyKiina cxpyKxypbi (|)H6pHJTJTbi, nojiyneHHaa npn anajiHse 
AaHHbix MajToyrjTOBOFO pacceaHHa peHxrenoBCKHx jiyHeii (Jimenez et al., 2002). 

Pesyjibxaxbi conocxaBjienna cneKxpoB KpyroBoro flnxponsMa, a xaK^e 
Hn(|)paKpacnbix cneKxpoB nojTHnenxHfl,OB b naxHBnoM cocxoannn n b cocxaBe 
aMHjTOHAnbix (|)H6pHjTjT CBH^exejibcxByiox o xoM, Hxo, Bne saBHCHMOCxn ox 
BxopnnnoH cxpyKxypbi (|)H6pHjTjTOo6pa3yK)niero 6ejTKa, b npon,ecce (JDnGpHjijiorenesa 
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6ejT0K npHoGpexaex npeHMymecTBCHHO Gexa-CTpyKxypy. (Zandomeneghi et al., 
2004; McAllister, 2005). 

1.4.2. C^epyjiHTbi. Bbijio noKasano, hto b npoi;ecce (JDnGpHJiJioreHesa MHorne 
6ejTKH cnoco6Hbi oGpasoBbiBaxb MaKpocxpyKxypbi, cocxoamne h3 (|)h6phjtjt. IIpH 
HsyHeHHH xaKHx cxpyKxyp c noMombio CKaHHpyiomeH ajieKxpoHHoii MHKpocKonHH 
6biJT0 noKasano, hxo ohh npe^cxaBjiaiox co6oh ^jspo h3 neperyjiapHbix arperaxoB 
6ejTKa, OKpyaceHHoe paAHanbHO opneHXHpoBaHHbiMH aMHjioHflHbiMH (JDnGpHJiJiaMH, 
xaK HasbiBacMbie «c(|)epyjTHXbi». Ha pncyHKe 1.4. npeACxaBjienbi AaHHbie o 
cxpyKxype c(|)epyjTHX0B. 




PncyHOK 1.4 CxpyKxypa C(|)epyjTHxa. ffauHue CKanupyjou^eu aneKinpoHHOu 
MUKpocKonuu. Eeiihiu npRMoysojihuuK coomeemcmeyem 2 mkm (Krebs et al., 2005(6)). 

HsBCCXHO, HXO c(|)epyjTHXbi Moryx 6bixb oGpasoBanbi xaKHMH MOJiCKyjiaMH KaK 

nOJTH3XHJTeH, CHHXeXHHeCKaa Ll,ejTJTIOJT03a, XHXHH, XHXOSaH, aMHJTOSa, JTH30IIHM H 

Kap6oKCHnenxHfl,a3a npn ycjiOBH^x KpHCxajiJiHsaiiHH, 6aKxepHOXjTopo(|)HJTJT h 
MyxaHXHbiii Bapnanx reMorjioGnHa, BCxpenaiomHHca npn cepnoBHfl,HOH KjiexoHHoii 
aneMHH. OxjiomcHHa c(|)epyjTHX0B Gbijih oGnapy^eHbi xaK^e b onyxojiax mojtohhoh 
^ejiesbi y co6aK. C(|)epyjTHXbi oGnapy^HBaioxca b afl,pe aMHjiOHAHbix GjiamcK npn 
6ojTe3HH KpeHLi,(|)ejTbAa--H^Ko6a, Gojicshh AjibiireiiMepa h chhapomc ^ayna. TaK^e in 
vitro 6biJT0 noKasano, hxo c(|)epyjTHXbi oGpasyioxca npn (JDnGpHJiJioreHese jierKoii 
iienH HMMyHorjTo6yjTHHOB, 6exa-aMHjTOHAHoro nenxH^a, 6exa-jTaKxorjTo6yjTHHa, 
HHcyjTHHa H MHOFHx CHHxexHHecKHx nenxH^OB (Krebs et al. 2004(a), 2005(6)). 
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1.5. CBH3WBaHHe C KpaCHTCJlHMH. 

CxoACTBO npocxpaHCTBeHHOH cxpyKxypbi aMHjiOHAHbix (|)H6pHJTJT npoaBjiaexca 
xaK^e B Hx cnoco6HOCXH CBasbiBaxb offoa h xe ^e KpacHxejiH. B nacxoamee BpcMa 
JSJI51 ASxeKiiHH (|)H5pHJTJT Haiije Bcero npHMenaioxca KpacHxejiH Kohfo KpacHbiii h 

XHO(|)JTaBHH T (ThT). ^Jia OKpaCKH FHCXOJTOFHHeCKHX CpCSOB XaK^C BOSMO^HO 

HcnojibsoBaHHC xHasHHOBOFO KpacHOFO, xHO(|)jTaBHHa S H iiOAa (OH(|)a, 1987;JIhjtjth, 
1969). 

1.5.1. KoHro KpacHbiii. IIpH HsyHeHHH cpesoB Mosxa c noMombio CBexoBoii 
MHKpocKonHH 6bijT0 oGHapy^CHO, Hxo aMHjTOHAHbie oxjTo^eHHa OKpaniHBaioxca 
Kohfo KpacHbiM. IIpH ocBemeHHH OKpameHHoii Kohfo KpacHbiM npo6bi 
HOJiapHSOBaHHbiM CBCxoM Ha6jTK)Aaexca ABOHHoe sejienoe jTynenpejiOMjieHHe. In 
vitro npH CBasbiBaHHH Kohfo KpacHOFO c anoMajibHbiMH (|)H6pHjTjTaMH cneKxp 

HOFJTOmeHHa 3X0F0 KpaCHXCJia MCH^eX (|)OpMy, npH 3X0M MaKCHMyM HOFJTOmeHHa 

CABHFaexca B 6ojTee fljiKHHOBOJiHOByio oGjiacxb. B pa6oxe (Stopa et al., 2003) 6bijT0 
HOKasano, hxo b oGpasoBaHHH KOMnjiCKca Kohfo KpacHOFO c aMHjiOHAHbiMH 
(|)H6pHjTjTaMH 5ojTbmyK) pojib HFpaiox ojTHFOMepbi, o6pa30BaHHbie MOJiCKyjiaMH 
3X0F0 KpacHxejia. CxpyKxypa c(|)epyjTHX0B, oGpasyiomnxca b npouecce 
(|)H6pHjTjTOFeHe3a, HOSBOJiaex oGtacHHXb xapaKxepnyK) (|)opMy naxxepna, 
Ha6jTK)fl,aK)iii,eF0ca npn MHKpocKonHH KOMnjiCKCOB Kohfo KpacHOFO c (JDnGpHjijiaMH b 
HOJiapHSOBaHHOM CBCxc (Kpecxoo6pa3HbiH naxxepn). IlepHOAHHHOCXb pacnojio^enHa 
flexepMHHanxoB CBasbiBaHHa Kohfo KpacHOFO b (|)H6pHjTjTax npHBO^Hx k 
ynopaAOHCHHio MOJieKyji KpacHxejw h BOSHHKHOBeHHio ABOHHOFO jTynenpejiOMjieHHa 

npH OCBemeHHH KOMHJieKCOB HOJiapHSOBaHHblM CBCXOM. 

1.5.2. THO^jiaBHH T. IIpH CBasbiBanHH ThT c aMnjiOH^HbiMH (|)H5pHjTjTaMH 
HpoHCxoflHx pesKoe yBejiKHCHHe KBanxoBOxo Bbixo^a (|)jTyopecL[eHL[HH 3xofo 
KpacHxejia (LeVine III, 1993). HnxeHCHBHOCXb (|)jTyopecL[eHL[HH ThT b 
onpeflCJieHHOM ^Hanasone nponopuHOHajibHa KOJinnecxBy CBasaBinnx exo (|)h6phjtjt, 

n03X0My XHO(|)JTaBHH npHMCHaeXCa KaK JSJI51 KaHeCXBeHHOil JiQTQKUjm (|)H6pHJTJT, xaK H 
AJia KOJTHHeCXBeHHblX HSMepeHHH npH HSyHeHHH AHHaMHKH (|)H6pHJTJTOFeHe3a. 

MaKCHMajTbHaa HHxeHCHBHOcxb (|)jTyopecLi,eHLi,HH ThT pasjiHHHa jsji^i (|)h6phjtjt, 
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o6pa30BaHHbix pasjiHHHbiMH 6ejTKaMH; ycjiOBHa AOCxH^eHHa MaKCHMyMa xaK^e 
saBHcax OT KOHKpexHoro aMHjTOHAoreHHoro 6ejTKa (LeVine III, 1995). IIpH 

HSyHeHHH KOMnjlCKCOB ThT C aMHJTOHflHblMH (|)H5pHJTJTaMH 6bIJT0 HOKaSaHO, HTO 

MOJieKyjia ThT npHCoeAHHaexca k cxonKe 6exa-cjToeB, aBjiaiomnxca ochobhbim 
cxpyKxypHbiM sjieMeHxoM (|)H6pHJTJTbi nepneH^HKyjiapHO hx nanpaBjieHHio (pHcynoK 
1.5) (Krebsetal, 2005(a)). 
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PncyHOK 1.5. CBasbiBaHHC ThT c aMHjiOHAHbiMH (|)H6pHjTjTaMH. (A) - cmpyKmypa 
MOJieKyjihi ThT, (B) - pacnojioj/cenue MOJieKyjiu ThT omnocumenhHO cmoriKU 6ema-cjioee, 
(C) - PacnojiojKehue MOJieKyjiu ThT omHOCumejihuo cmpyKmypw (pudpujinu (Krebs et al, 
2005(a)). 

Bbiji npefljio^CH MexannsM, oGycjiOBjiHBaiomHii yBejiHHeHHe KBanxoBoro Bbixo^a 
(|)jTyopeci;eHiiHH npn o6pa30BaHHH KOMnjiCKca ThT c aMHjiOHflHbiMH (|)H5pHJTJTaMH. 
MojieKyjia ThT cocxohx h3 AByx KOJiei; - GeHsoxHasojiHHa h N,N-AHMexHjTaHHjTHHa, 
coefl,HHeHHbix oflHHapHOH CBasbK). B HecB^saHHOM cocxo^HHH B pacxBopc Mo^ex 
npoHCxoflHXb BpameHHe KOJieii BOKpyr axoii cb^sh. B 3xom cjiynae norjiomeHHe 
KBaHxa 3HeprHH AHMexHjiaHHjiHHOBbiM KOJibiiOM npHBOflHx K pacceaHHK) 3HeprHH Ha 
K0JTe6axejTbHbie cxeneHH cbo6oabi h, KaK cjie^cxBHe, k HHSKOMy KBanxoBOMy 
BbixoAy (|)JiyopeciieHiiHH (LeVine III, 1995, Boponaii h aP-, 2003, Krebs et al., 
2005(a)). SHaHHxejibHoe BOspacxaHne KBanxoBoro Bbixo^a (|)jTyopeciieHi;HH ThT npn 
ero BcxpaHBaHHH b aMHjioHflHbie (|)H6pHjTjTbi BbisBaHO saxpyAHeHH^MH HSMeneHHa 
BsaHMHOH opneHxaiiHH (|)parMeHX0B MOJieKyjibi, BOSHHKaiomHMH npH o6pa30BaHHH 
KOMnjieKca. yBejiHHeHHe ^ecxKOCXH OKpy^enHa npHBO^Hx k yMeHbineHHio HHCJia 
K0JTe6axejTbHbix cxeneneii cbo6oabi MOJieKyjibi b BOsGy^AGHHOM cocxoaHHH h 
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cnoco6cTByeT nepenocy aneprHH mc^ay AHMexHjiaHHjTHHOBbiM h GeHSOXHasojiHbiM 
KOJibiiaMH (Boponaii h aP-, 2003, MacKCEHH h ^p., 2004). 

1.6. O6pa30BaHHe ^nSpHjiji. 

1.6.1. OcHOBHbie 3TanM ^HSpHjijiorenesa. CKopocxb o6pa30BaHHa (|)h6phjtjt 
in vitro saBHCHx KaK ox 5ejTKa, oGpasyiomero (|)H5pHjTjTbi, xaK h ox ycjiOBHii 
(|)H6pHjTjToreHe3a. O^HaKO SKcnepHMenxbi no HsyneHHio HSMeHCHHio 
(|)jTyopeciieHiiHH ThT h HSMepenHio cneKxpoB KpyroBoro flHxponsMa b npoijecce 
(|)H6pHJTJToreHe3a pasjiHHHbix Gcjikob nosBOJiHJiH Bhijs,QjiwTh xpn o6iu,He cxaAHH 

(|)OpMHpOBaHHa (|)H6pHJTJT. 

JIaz-(pa3a. Bcjiok, noMemenHbiii b ycjiOBna, npHBOflamne k (JDnGpHJiJioreHesy, 
oGpasyex HeynopaAOHenHbie arperaxbi, ne cnocoGnbie CBasbiBaxb ThT. B MOJieKyjiax 
Bospacxaex KOJiH^ecxBO 6exa-cjToeB. (Zandomeneghi et al., 2004; Merlini, Belotti, 
2003). 

0a3a pocma (pudpujiJi. Ha AaHHoii cxaAHH naGjiiOAaexca oGpasoBanne 
(|)H6pHJTJTapHbix arperaxoB (npoxo(|)HJTaMeHxoB), oGteflHHaiomHxca b (|)H6pHJTJTbi h 
cxpyKxypbi Gojiee bbicokofo nopa^Ka. Hpn AoGaBjienHH xaKoro pacxBopa b 6y(|)ep, 
coAep^amHH ThT, naGjiiOAaexca pocx (JDJiyopeciieHiiHH 3xoro KpacHxejia, hxo 
CBHfl,exejTbCXByex o BOspacxanHH KOJinnecxBa cxpyKxyp, cnocoGnbix ero CBasbiBaxb 
(LeVine III, 1995). HpoflOJi^HxejibHocxb jTar-(|)a3bi h (|)a3bi pocxa Mo^ex 
BapbHpoBaxb B saBHCHMOcxH ox 6ejTKa H ycjTOBHH (|)H6pHJTJToreHe3a H cocxaBjiaex ox 
HecKOJibKHx ceKyHfl, B cjiynae HCKOxopbix (|)H6pHJTJToreHHbix nenxH^OB h MyxanxHbix 
(|)opM TTR, jxo HecKOJibKHx cyxoK HJTH fla^e Mecai;eB. 

CmaUiUOHapHUR (pasa. Bojibinaa nacxb MOJieKyji 6ejTKa npncyxcxByex b cocxaBe 
(|)H5pHJTJT. KojTHHecxBO cxpyKxyp, cnoco6Hbix CBasbiBaxb ThT, ocxaexca 
nocxoaHHbiM. Hpn HsyHenHH (JDnGpHJiJioreHesa SH3 AOMena ajTb(|)a-cy6'beflHHHiibi 

(|)OC(|)OXHfl,HJlHH03HXOJT-3'-KHHa3bI 6bIKa 6bIJT0 yCXaHOBJlCHO, HXO aHCaM6jTb MOJieKyjT 

6ejTKa B cocxaBe (|)H6pHJTJTbi naxoflnxca b AHHaMnnecKOM paBHOBCCHH c nyjiOM 
MOHOMcpoB 6ejTKa, npncyxcxByiomnx b pacxBope. Bbijio noKasano, hxo nacxb 
noxcHLiHajTbHO cnoco6Hbix k saMemcHHio BOAopo^a na AeiixepHH (|)yHKLi,HOHajTbHbix 
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rpynn MOJieKyji 5ejTKa b cocxaBe (|)H6pHjTjTbi ne cnocoGnbi k xaKOMy oGMeny, no- 
BH^HMOMy, B CHjiy HeflOCxynHOCTH xaKHx rpynn jsji^i pacxBopnxejia. Macc- 
cncKxpoMexpna MOJieKyji 6ejTKa, cocxaBjiaioninx (|)H6pHjTjTbi, naxoflnBrnneca b 
KOHxaKxe c D2O b xeHenne pasjinnnbix nepnoflOB BpcMenn, nosBOJinjia nsynnxb 
AHnaMHKy oGMena axoMOB BOflopofla na axoMbi Aenxepna. MaxeMaxnnecKaa moasjib, 
onncbiBaioniaa xaKon npoi;ecc n nojinocxbio corjiacyioniaaca c 
3KcnepHMeHxajTbHbiMH pesyjibxaxaMH, CBHAexejibCXByex b nojibsy cyniecxBOBanna 
cjieflyioniero npoijecca: MOJieKyjia 6ejTKa bbixoahx h3 (|)H6pHjTjTbi b pacxBop, r^e 
npoHCxoflHx 6bicxpoe saMenienne Bcex axoMOB BOAopoAa na Aenxepnii, nocjie nero 
MOJieKyjia cnoBa npncoeAHnaexca k (JDnGpHjijie (Camlla et al., 2005). Hajinnne 
xaKOFO AHnaMHHecKOFO paBHOBecna MO^ex npnBecxn k nocxoannoMy npncyxcxBHio 
b5jth3h aMHjTOHAHbix (|)H6pHjTjT cnocoGnbix K xoKCHHecKOMy BOSflencxBHR) na KjiexKy 
nenaxHBHbix KOH(|)opMaiiHH 6ejTKa. 

1.6.2. <5aKTopw, BjiHflioiiiHe na ^HSpHjijiorenes. Ochobhbimh (|)aKxopaMH, 
BjinaioniHMH na (JDnGpHjijiorenes, aBjiaioxca KOHiienxpaiina 6ejTKa, pH cpeflbi, 
KOHiieHxpau,H>i cojien, xeivinepaxypa n AaBjienne, npn Koxoptix nponcxoflnx 3xox 
npoiiecc. 

KoHU,eHmpau,UR dejiKU. B pa6oxe (Lomakin et al., 1997) noApoGno paccMoxpeno 
Bjinanne KOHu,eHxpau,HH BAIT na (JDnGpHjijiorenes. SKcnepnMenxbi no BjinannK) 
KOHiienxpaiiHH na (JDnGpHjijiorenes flpyrnx Gcjikob (Hall et al., 2005) 
CBHfl,exejTbCXByK)x 06 oGninocxn oGnapy^ennbix ^Ji^ BAIT saKonoMepnocxen. Bbijio 
noKasano, hxo npn onpeflejienntix ycjiOBnax n Koniienxpaiinn Gojibme Bejinnnnbi 
CxpHTHHecKoe, xapaKxepnoH fljia Ka^Aoro (JDnGpHjijiorenHoro 6ejTKa hjth nenxn^a, b 
pacxBope oGpasyioxca MniiejiJiapHbie cxpyKxypbi, naxoflanine b AHnaMnnecKOM 
paBHOBecHH c MOHOMepaMH nenxH^a. TaKne MniiejiJibi aBjiaioxca oGjiacxaMH 
jTOKajibHOFO noBbimenna KOHuenxpaiinn MonoMepoB, b Koxoptix nponcxoflnx 
oGpasoBanne xaK nasbiBacMbie afl,ep (JDnGpHjijiorenesa (xohck nyKjieaiinn). B xoHKax 
nyKjieauHH oGpasyioxca npoxo(|)H6pHjTjTbi, cnocoGnbie npncoeAHnaxb MonoMepbi 
nenxHfla. ITpn KOHiienxpaiiHax Menbme CKpHXHHecKoe N^^ (JDnGpHjijiorenesa 
Heo6xoflHMO floGaBjienne y^e cyniecxByioninx afl,ep (JDnGpHjijiorenesa (pncynoK 
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1.6). Bbijia npefljio^ena MaxeMaxHHecKaa moasjib, Hcnojibsyiomaa xaKHe 
npcAnojio^eHHa b KanecxBe hcxoahbix. Pesyjibxaxbi, nojiyHeHHbie b paMKax axoii 
MOAGJiH AJia KOHi;eHxpaiiHH KaK 6ojTbme, xaK h MCHbine CKpHXHHecKoe, coBna^aiox c 
pesyjibxaxaMH SKcnepHMenxoB no HsyneHHio AHHaMHKH (JDnGpHJiJioreHesa 6exa- 
aMHjTOHAa in vitro. 

aoGaBjieuHbie 



MOlIOMEPbl +^ „fina,OBaBuinecH J>— ^> ItHBPHJI.Ttl 
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(C>C*) OEPAiOBAHHEH^lEP tDHBPHJl^lOFEHESA 

PncyHOK 1.6. CxeMa (JDnGpHJiJioreHesa no Lomakin et al., 1997 C-KOHijeHmpaijun, 
c* -C 

^ "-^ KpumuuecKoe- 

IIo-BHAHMOMy, yBejinHenne Koniienxpaiinn 6ejTKa b pacxBope aBjiaexca 
Heo6xoflHMbiM ycjiOBHCM JSJI51 npeoAOJienna aneprexHHecKoro Gaptepa Me^^y 
MOHOMepnoH H Heo6xoflHMOH JSJI51 (JDnGpHjijiorenesa ojinroMepnon (|)opMaMH 6ejTKa. 
pH cpedbi. HsMenenne Koniienxpaiinn BOflopoflHbix hohob aBjiaexca Ba^ntiM 
(|)aKxopoM, BjinaioniHM KaK na CKopocxb oGpasoBanna npoxo(|)H6pHjTjT, xaK n na 
Heo6xoAHMoe fljia oGpasoBanna spejibix (|)h6phjtjt BsanMOflencxBHe Me^^y 
npoxo(|)H6pHjTjTaMH. KaK npaBHjio jiji5i nanajia (JDnGpHjijiorenesa hcoGxoahmo 
noHH^enne pH, npnBOflaniee k noxepe naxHBHon cxpyKxypti, no ne BbisbiBaioniee 
aMop(|)HOH arperaiiHH 6ejTKa (McAllister et al., 2005). HeKOxoptie xonennbie 
aMHHOKHCJTOXHbie saMeHbi B TTR, jinsoiinMe n ajTb(|)a-CHHyKjTeHHe npnBO^ax k 
(JDnGpHjijiorenesy 3xhx 6ejTK0B npn (JDnsnojiornHecKHx snaHennax pH. HsMenenna 
npocxpancxBennoH cxpyKxypti 6ejTKa, BbisbiBaeMbie xaKHMH saMenaMH cxoahbi c 
HSMenenHaMH, nponcxoA^ninMH npn HSMenennH pH (Booth el al., 1997). IIo- 

BH^HMOMy, OCHOBHbIM 3(|)(|)eKX0M pH, Ba^HblM JXJl^ (|)H6pHjTjToreHe3a 6ejTKa, 

aBjiaexca AecxaGnjiHsaiina BsanMOAencxBHii, oxBexcxBenntix sa noflflep^anne 
naxHBHOH cxpyKxypbi 6ejTKa. ITpn nsyHennn (JDnGpHjijiorenesa ncKyccxBennbix 
nenxHflOB xaK^e GbiJia noKasana pojib pH b HSMenennH nonnbix BsanMOflencxBHii 
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Me^Ay 6oKOBbiMH iienaMH aMHHOKHCJTOTHbix ocxaxKOB. BosHHKaiomee 
ajieKxpocxaTHHecKoe BsanMOfleiiCTBHe mc^ay MOHOMepaMH npHBOflHx k cGjiH^eHHio 
axoMOB asoxa h KHCJiopoAa nenxH^Hbix CBaseii h xaKHM o6pa30M cnoco6cxByex 
o6pa30BaHHK) 6exa-cxpyKxyp (Aggeli et al., 2003). 

Hhskhc SHaneHHa pH, Heo6xoAHMbie fljia (JDnGpHJiJioreHesa, npncyxcxByiox in 

vivo BHyxpH JTHSOCOMbI (WoO, 1996). OaHH H3 Ma^OpHblX 6ejTK0B JTH30C0M HejlOBCKa 

(LAMPl - Lysosome Associated Membrane Protein) cnoco6eH CB^sbiBaxb xexpaMep 
TTR, BsaHMOAeiicxBya c hhm nocpe^cxBOM C-KOHija. B pa6oxe (Chang et al., 2004) 
6biJTa BbiCKasana rnnoxesa, hxo xaKHM oGpasoM b opraHHSMe peanHsyexca sanjaxa ox 
anoMajTbHoro (JDnGpHJiJioreHesa TTR. 
KoHU,eHmpau,UR cojieii. J^miaMiiKa (JDnGpHJiJioreHesa h MHorne napaMexpbi 

(|)OpMHpyK)niHXCa (|)H6pHJTJT, XaKHe KaK Cpe^Haa flJTHHa HJTH HHCJTO npOXO(|)H6pHJTJT, 

oGpasyioniHx spejiyio (|)H6pHjTjTy, naxoA^xca b saBHCHMOCXH ox hohhoh chjim 
pacxBopa. ^jia MHOFHx 5ejTK0B yBejTHHeHHe KOHiieHxpaiiHH cojieii b pacxBope 
Heo6xoAHMO JSJI51 HHHiiHaiiHH (|)H6pHJTJToreHe3a. IIo-BHAHMOMy, noBbimeHHe hohhoh 
CHjibi pacxBopa xaK ^e, KaK h HSMeneHne pH, ^ecxaGHjiHSHpyex naxHBHbie 
BHyxpHMOJieKyjiapHbie BsaHMO^eHCXBHa (Sakurai et al., 2001). KoHiieHxpai;Ha cojth 
Hxpaex OHpe^ejiaioniyK) pojib h npn (|)opMHpoBaHHH c(|)epyjTHX0B. TaK, b pa6oxe 
(Bromley et al., 2005) noKasano, hxo npn hhskoh hohhoh CHjie oGpasoBanna 
c(|)epyjTHX0B Hpn (JDnGpHjijioreHese 6exa-jTaKxorjio6yjTHHa, jTHSOiiHMa h HHcyjinna ne 
npoHCxoflHx. KHHexHKa oGpasoBanna c(|)epyjTHX0B cxo^na c KHHexHKoii 
o6pa30BaHHa (|)h6phjtjt: naGjiiOAaioxca jTar-(|)a3a, (JDasa pocxa h cxaiiHOHapnaa (|)a3a. 
B xeneHHe jTar-(|)a3bi npoHCxo^Hx oGpasoBaHHe a^pa c(|)epyjTHX0B, 
npe^cxaBjiaioniero co6oh cxpyKxypy h3 neperyjiapHbix arperaxoB 6ejTKa. BbicoKaa 
KOHiieHxpaiiHa cojieii, no-BHfl,HMOMy, Bjinaex na cooxHomeHHe CKopocxeii 
npoiieccoB aMop(|)HOH arperaiiHH h (JDnGpHJiJioreHesa, Ba^Hoe jiii^ 3xoh cxaAHH. 
^ajibHeiimaa AHHaMHKa pocxa KOJinnecxBa (|)h6phjtjt cjiaGo oxjinnaexca ox 

nOBCAeHHa CHCXCMbl npH HH3K0H HOHHOH CHJlC. Bo BpeMa ^33hl pOCXa HpOHCXOflHX 

yBejTHHeHHe jsjiubm (|)h6phjtjt «pacxym,Hx» hs HeyHopaAoneHHoro afl,pa, o hcm 
CBHfl,exejTbcxByK)x ^anHbie, HOJiynenHbie c HOMonibio CKannpyionieH ajieKxpoHHoii 
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MHKpocKonHH. B cxaiiHOHapHOH (|)a3e AOCTHraexca MaKCHMyM (JDJiyopeciieHiiHH ThT, 
CBHAexejibCTByiomHii 06 oxcyxcTBHH yBejTHHeHHa KOJTHHecTBa (|)H6pHJTJT B pacTBope 
(Krebs et al. 2005(a,5)). 

Temnepamypa u daejienue. IIoBbinieHHe xeMnepaxypbi xaKiace ^Bjiaexca (|)aKxopoM, 
Heo6xoflHMbiM AJi^ (|)H6pHJTJToreHe3a GojibniHHCXBa npnpoflHbix Gcjikob (Kamatari et 
al., 2001). yBejTHHeHHe AaBjiCHHa h noBbimeHHe xeMnepaxypbi Moryx BHOCHXb BKnafl, 

B CXa6HJTH3ai;HK) HeHaXHBHOil KOH(|)OpMaiIHH 6ejTKa, Heo6xOflHMOH flJia 

(|)H6pHJTJToreHe3a, sa cnex pocxa aHxponniiHOH cocxaBjiaiomeii cboGoahoh aneprHH 

MOJieKyjibi. 

HndyKUfUR <pu6pujiJi02eHe3a. Eiu,e oahhm (|)aKxopoM, cymecxBenHO BjinaiomHM na 

KHHexHKy (|)H6pHJTJToreHe3a in vitro, aBjiaexca HajiHHHe b pacxBope y^e 

c(|)opMHpoBaBmHxca a^ep (JDnGpHJiJioreHesa. ^oGaBjienHe (|)h6phjtjt b pacxBop, b 

KOXOpOM HaXOflHXCa (|)H6pHJTJT0reHHbIH 6ejT0K, npHBOflHX K SHaHHXejlbHOMy 

coKpameHHK) hjth HcnesHOBeHHio jTar-(|)a3bi (|)H6pHJirioreHe3a (Krebs et al., 2004(6)). 
TaKaa HH^yKiiHa Be^ex xaK^e k HSMeHeHHio Heo6xoAHMbix ^Ji^ 3xoro npoijecca 
ycjTOBHH, xo ecxb Hacxo npn HanHHHH saxpaBKH (|)H6pHJTJToreHe3 MO^ex 
npoHCxoflHXb npn Gojiee hhskoh xeivinepaxype, (|)H3HOJTorHHecKHx SHaneHHax pH h 

HOHHOil CHJlbl paCXBOpa H KOHIienxpailHH (|)H6pHJTJT0reHH0r0 6ejTKa HH^e CKpHMHecKoe- 

In vivo cxofl,Hbie npoiieccbi aBjiaioxca ochobhoh npHHHHoii HeHacjieflCXBenHbix 
(|)opM npHOHHbix saGojieBaHHH, nanpHMep, ry5HaxoH 3Hiie(|)ajTonaxHH h GojiesHH 
Kypy. IIpHHHHoii BOSHHKHOBeHHa xaKHx saGojieBaHHH aBjiaexca nonaflaHHe b 
opraHHSM y^e c(|)opMHpoBaBmHxca (|)h6phjtjt npnoHHoro 6ejTKa h HH^yKiiHa 
o6pa30BaHHa (|)h6phjtjt h3 MOJieKyji HMeiomeroca b opranHSMe npnoHHoro 6ejTKa b 
pacxBopHMOH (|)opMe (IIoKpoBCKHH H Ap., 2004). B pa6oxe (Krebs et al., 2004(6)) 
6bijT0 noKasano, hxo in vitro b KanecxBe saxpaBKH jxji^ (JDnGpHJiJioreHesa KaKoro-jTH6o 
6ejTKa Moryx Bbicxynaxb xojibKO (|)H6pHJTJTbi, c(|)opMHpoBaHHbie xeM ^e GejiKOM. B 
HacxHOCXH, 6bijT0 noKasano, hxo (|)H6pHJTJTbi AJI nejiOBeKa, jiHSOUHMa nejiOBeKa h 
HHcyjTHHa 5biKa ne cnocoGnbi HHAyiinpoBaxb (|)H6pHJTJToreHe3 jiHSOiiHMa KypHHoro 
aiiiia. MaKCHMajibHO roMOJiOFHHHbiMH jTH30i;HMy KypHHOFO waxdL B 3X0H rpynne 
aBjiaexca jTH30Li,HM HejTOBeKa - FOMOJTOFHa Me^^y 3XHMH 6ejTKaMH cocxaBji^ex 60%. 
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B TO ^e BpeMa (|)H6pHJTJTbi jTHSOiiHMa HHASHKH (roMOJiOFHa 95%) cnoco6Hbi 
HHAyilHpoBaxb (|)H6pHJTJToreHe3 jTHSOiiHMa KypHHoro aiiiia. Me^BHAOBoii 6apbep, 
Ha6jTK)flaeMbiH npn nepeflane npnoHHbix saGojiCBaHHax y MjieKonHxaiomHx h npn 

HHAyKIIHH npHOHHSailHH y flpO^^CH, nO-BHfl,HMOMy, XaK^C CBaSaH C Me^BH^OBblMH 

pasjTHHHaMH B nepBHHHOH cxpyKxype npHOHHbix 6ejTK0B (Hnre-BenxoMOB, 2000). 
Tox (|)aKx, Hxo (|)H6pHJTJTbi OflHOFO 6ejTKa, o6jTaflaioiu,ero bbicokoh cxenenbio 

FOMOJTOFHH C JSpyTHM 6ejTK0M, HC CnOC06HbI HHfl,yiIHpOBaXb CFO (|)H6pHJTJTOFeHe3, 

nosBOJiaex npeflnojio^HXb cymecxBOBaHHe y xaKHx Gcjikob pasjiHHHbix 
aMHjTOHflOxeHHbix ASxepMHHaHx - ynacxKOB npocxpaHCXBeHHoii cxpyKxypbi 6ejTKa, 
HxpaiomHx KjTiOHeByK) pojib B Me^MOJiCKyjiapHbix BsaHMOASHCXBHax npH 
aMHjTOHfloreHese. AMHHOKHCJioxHbie saMCHbi b xaKHx ynacxKax Moryx, ne OKastiBaa 
cymecxBeHHOFO BjinaHHa na npocxpaHCXBeHHyio cxpyKxypy h cxaGnjibHOCXb 6ejTKa, 
BjiH^xb Ha exo aMHjTOHfloxeHHbie CBoiicxBa (Stopa et al., 2003; Ventura, 2005). 

B Hacxoamee BpeMa HSBecxen xojtbko oahh Gcjiok, saxpaBKoii jsji^i 
(|)H6pHJTJToreHe3a Koxoporo Moryx cjiy^HXb (|)H6pHjTjTbi, c(|)opMHpoBaHbi 
HeroMOJTOXHHHbiMH 6ejTKaMH. OnGpHJiJibi jTHSOiiHMa, HHcyjTHHa H manepoHHHa 
GroES yBejTHHHBaiox CKopocxb (|)opMHpoBaHHa (|)H6pHjTjT ajTb(|)a-CHHyKjTeHHa (Yagi 
et al, 2005). 

0aKmopbi, ejiUMwmue na (pudpujiJioeenej in vivo. IIpH naxorenese aMHjioH^iosoB 
Ha flHHaMHKy (JDnGpHjijioreHesa OKasbiBaex BjiH^HHe Gojibinoe hhcjto (|)aKxopoB, 
ocxaiomHxca sa paMKaMH HCCJieflOBaHHii in vitro. B nepByio onepeAb cjie^yex 
oxMexHXb pojib manepoHOB b npoijecce (|)OJTAHHra 6ejTKa in vivo. In vitro npoi;ecc 
(|)H6pHjTjToreHe3a oGbihho npoHCxoAHx ^ocxaxoHHO 6bicxpo, b xo BpeMa KaK fl,a^e 
npH HajTHHHH npHBOflaiiiHx K HacjieflCXBeHHbiM (|)opMaM aMHjTOHflOSOB MyxauHH 
pasBHXHe saGojiCBaHHa npoxcKaex b xeneHHe ^ecaxKOB jiex. IIo BH^HMOMy, CHCxeMa 
KOHxpojia (|)OJTAHHra B KjiexKe cnoco6cxByex yAaneHHio h3 KjiexKH MOJieKyji 6ejTKa b 

KOH(|)OpMaiIHaX, CnOC06HbIX K HeCneiIH(|)HHeCKHM Me^MOJlCKyjiapHblM 

BsaHMOfleiicxBHaM. IIpHcyxcxBHe B cocxaBe aMHjiOHflHoii GjianiKe y6HKBHXHHa b 
KanecxBC MHHopHoro KOMnoHCHxa Moacex xaK^e kocbchho CBHAGTejibCXBOBaxb o 
HajTHHHH HapymeHHH b CHCxeMe manepoHOB npn pasBHXHH aMHjiOHflOSOB. 
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Eme oflHHM (|)aKTopoM, BjTHaiomHM Ha (|)OJTflHHr in vivo, aBjiaexca BblCOKaa 
KOHiieHxpaiiHa 6ejTK0B, He ynacxByiomHx b (JDnGpHjijioreHese HenocpeflCXBeHHO. 
06pa30BaHHe (|)h6phjtjt yMeHbinaex SHxpoHHio b KjiexKe, OAHaKO b 
BbicoKOHacbimeHHOM iiHxoHjiasMaxHHecKOM OKpy^eHHH yflajieHHe 

(|)H6pHjTjToreHHoro 6ejTKa h3 pacxBopa MO^ex yBejiHHHXb SHxpoHHio CHCxeMbi. 3xo 
MO^ex aBjiaxbca (|)aKxopoM, yMCHbmaiomHM KpHXHHeCKyiO KOHH,eHXpaiIHIO, 
Heo6xoflHMyK) fljia Hanajia (JDnGpHjijioreHesa (Lansbury, 1999). 

1.7. <I>ojiaHHr H ^H5pHjijioreHe3. 

B npoi;ecce (|)OJTAHHra MOJieKyjia 6ejTKa npHo6pexaex ynHKajibHyio 
npocxpancxBeHHyK) cxpyKxypy, b xo BpeMa KaK b npoi;ecce (JDnGpHjijioreHesa Gcjikh, 
oxjTHHaiomHeca no nepBHHHoii h npocxpaHCXBeHHoii cxpyKxype, oGpasyiox 
npaKXHHecKH HASHXHHHbie (|)H6pHJTJTbi. KoH(|)opMai;Ha 6ejTKa, HaxoA^meroca b 
cocxaBe (|)H6pHJTJTbi, aBjiaexca ajTbxepnaxHBHbiM naxKBHOMy cxaGnjibKbiM 
COCXOaHHCM 5ejTKa. 

1.7.1. AmHHOKHCJIOHTWC SaMCHbl, BbI3bIBaH)IIlHe H3MeHeHHJI KOH^OpMaUHH 

6ejiKa. HsyHCHHe KOH(|)opMaiiHH Gcjikob b ycjiOBnax, cnocoGcxByiomnx 
(|)H6pHJTJToreHe3y, noKasano, hxo ochobkbim pesyjibxaxoM, oGiiihm aji^ BOSfleiicxBHa 
Bcex 3XHX (|)aKxopoB Ha 6ejT0K, aBjiaexca ;i,ecxa6HjTH3aH,Ha naxKBHoii cxpyKxypbi. 
HeKoxoptie aMHHOKHCJioxHbie saMCHbi, aBjiaiomHeca npHHHHofi HacjieACXBeHHbix 
(|)opM aMHjTOHflOSOB H npHBOfl^mHe K (|)H6pHJTJToreHe3y 6ejTK0B in vitro ^.a^e npn 

(|)H3H0JT0rHHeCKHX yCJlOBH^X, CnOC06cXByK)X CXOflHbIM HSMCHeHHaM HaXHBHOil 

cxpyKxypbi. HanpHMep, fljia TTR hsbccxho Gojiee 60 aMHHOKHCJioxHbix saMCH, 
npHBOflaiu,Hx K noBbimeHHK) (|)H5pHJTJToreHHOCXH MyxaHXHOFO 6ejTKa in vitro h 
HacjieflCXBeHHbiM aMHjiOHflOsaM. 3xh saMCHbi pacnpeflejienbi no aMnnoKHCJioxnon 
nocjieAOBaxejiBHOCXH 6ejTKa npaKXHnecKH paBHOMepno, hxo CBHAexejibCXByex o6 

OXCyXCXBHH pOJTH 60JTbmHHCXBa XaKHX MyxaUHH B (|)OpMHpOBaHHH aMHJTOHAOrenHblX 

ASxepMnnanx. Hsynenne KOH(|)opMaiiHOHHbix ocoGennocxen ncKOxopbix Myxanxnbix 
(|)opM TTR noKasajTO, hxo KOH(|)opMaiiHH Myxanxnoro 6ejTKa oxjinnaioxca ox 
naxHBHOH (Lansbury, 1999). 
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1.7.2. PacnjiaBjiCHHaH rjioSyjia h ^HSpHjijiorenes. KaK y^e roBopHJiocb 
Bbime, B npoiiecce (|)opMHpoBaHHa (|)h6phjtjt Gcjiok npHoGpexaex npeHMymecTBCHHO 
Gexa-cxpyKxypy, cxaGnjiHSHpyiomyioca sa cnex Me^MOJiCKyjiapHbix BOflopoAHbix 
CBaseii, rHfl,po(|)o6Hbix h sjieKxpocxaxHHecKHx BsaHMOAeiicxBHH. Ochobhbim 
ACHCXBHeM (|)aKxopoB, cnoco6cxByK)mHx (|)H5pHJTJToreHe3y, aBjiaexca 
Aecxa6HJTH3aiiHa HaxHBHoro cocxoaHHa 6ejTKa, OAHaKO nojinaa AenaxypaiiHa oGbihho 
npHBOAHx K aMop(|)HOH axperaiiHH MOJieKyji 6ejTKa, ho hc k (JDnGpHJiJioreHesy. TaKHM 
o6pa30M, fljia (|)H6pHjTjToreHe3a hcoGxcahmo, hxoGbi b pacxBope npncyxcxBOBajio 
SHaHHxejibHoe hhcjto MOJieKyji b HacxHHHO AenaxypHpoBaHHOM cocxoaHHH, ho npn 
3X0M He AOJiacHO npoHCxoAHXb CHjibHOFO HapymcHHa BHyxpHMOJlCKyjiapHblX 
BsaHMOfleiicxBHH (Hamada et al., 2002). J^ji^i mhofhx Gcjikob, xaKHx KaK AJI, 

JTH30IIHM H TTR 5bIJT0 HOKaSaHO COBnaASHHe yCJlOBHH, npHBOA^mHX K 

(|)H6pHjTjToreHe3y h ycjiOBHH, npHBOA^mHx GejiOK b cocxoaHHe, 6jTH3Koe no 
BxopHHHOH cxpyKxype K HaxHBHOMy, HO xapaKxepH3yK)meeca GojibniHM 3HaHeHHeM 
FHApoflHHaMHHecKoro paflHyca h noBbimeHHOH noflBH^HOCXbio Gokobbix iieneii 
(rHjibManinHH h ^p., 1982; Booth et al., 1997, Hamada et al., 2002, Goers et al., 
2002). TaKHe cocxoanna, B03HHKaK)mHe b npoi;ecce (|)OJTAHHra hjth AenaxypauHH 
HeKOxopbix 6ejTK0B, nojiyHHjTH Ha3BaHHe pacnjiaBjieHHoii rjioGyjibi. B cocxo^hkh 
pacHjiaBjieHHOH rjioGyjibi coxpanaexca Gojibinaa nacxb naxHBHbix B3aHM0fl,eHCXBHH 
rHfl,po(|)o6HOH npHpoflbi, o^naKO yxpa^HBaioxca cnei;H(|)HHecKHe B3aHM0fleHCXBHa 

Me^Ay 60K0BbIMH paflHKajiaMH aMHHOKHCJlOXHblX OCXaXKOB. HMeHHO rHApo(|)o6Hbie 

B3aHM0AeHCXBHa Me^fly oGjiacxaMH 6ejTKa, npnoGpexaiomHMH b npoijecce 
(|)H6pHJTJToreHe3a 6exa-cxpyKxypy, nrpaiox oco6yK) pojib npn (|)opMHpoBaHHH 
(|)H6pHJTJT (Hammarstorm et al., 1999; Merlini, Bellotti, 2003). 

IIpH (|)OJTflHHre npnpoflHbix 6ejTK0B na^eHHe 3HxponHH, conpoBO^^aiomee 3xox 
npoiiecc, flOJT^HO nojiHOCXbio KOMnencHpoBaxbca yMenbineHHeM cbo6oahoh 
3HeprHH 3a cnex o6pa30BaHHa BnyxpHMOJieKyjiapHbix CBa3eH. TaKoii MexaHH3M 
o6ecneHHBaex 6bicxpoe npnoGpexeHne nojinnenxHAHoii iienbio cxaGnjibHoii 
HaxHBHoii cxpyKxypbi, cooxBexcxByiomeii MHHHMyMy cboGoahoh 3HeprHH 
(OHHKejTbniHeiiH, ITxHiibiH, 2002). HajiHHHe cocxoaHHii, cooxBexcxByiomnx 
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JTOKajTbHOMy MHHHMyMy 3HeprHH, OTACJieHHOMy OT COOTBeXCTByiOmerO HaXHBHOH 

KOH(|)opMaLi,HH 6ejTKa rjTo6ajTbHoro MHHHMyMa sneprHH SHeprexHHecKHM 6apbepoM 

MOaceX npHBeCXH K yMeHbineHHIO CKOpOCXH (|)OJTflHHra H BOSHHKHOBeHHIO 
HeCneiIH(|)HHeCKHX JSJIK HaXHBHOrO COCXOaHHa MeaCMOJlCKyjiapHblX BSaHMOASHCXBHil 

(pHcyHOK 1.7). TaKHe BsaHMOAeiicxBHa cnoco6Hbi npHBecxH k (|)opMHpoBaHHK) 
arperaxoB, b xom hhcjic h aMHjiOHAHbix (|)h6phjtjt. B 3xom cjiynae xojtbko HanHHHe 
BbicoKOFO 3HeprexHHecKoro Gaptepa ne nosBOJiaex 6ejTKy b HaxHBHOM cocxoaHHH 
AOCXHxaxb ajibxepHaxHBHOFO SHeprexHHecKoro MHHHMyMa. HsMeneHne ycjiOBHH 
cpeflbi choco6ho hphbccxh k CHH^ceHHio xaKOFO 6apbepa (Horwich, 2002). 




PncyHOK 1.7. 3HeprexHHecKHe hpo(|)hjth CKjiaAtiBaHHa HOJinneHXHAHOH uchh A- 

CKJiadhieanue nonunenmudHOU ijenu no npuHijuny «ece ujiu HUHeso», juej/cdy cocednuMU 
9Hep2emuHecKUMU cocmoHHURMU c6opaHU6aiouj.eucM ijenu nem jiOKOJibHbix MunuMyMoe. B - 
ecjiu Ha nymu ceopanueanuH npucymcmeywm jiOKonhHue MunuMyMu (cmadujibubie 
npojuea/cymoHHbie cocmoHHUH), de/iOK MOJ/cem cyiifecmeoeamb e smo.u cocmoHHUU. 
(OuHKejibiuneuH, UmuifbiH, 2002). 

ArperaiiHa Gcjikob oGbihho hphbo^hx k noxepe (|)yHKiiHH, HoaxoMy b HpHpoflHbix 

aMHHOKHCJTOXHblX HOCJlCAOBaxejlbHOCXaX HajTHHHe XaKHX JTOKajTbHblX MHHHMyMOB 

Bcxpenaexca pe^KO (Dobson, 1999). EAHHCXBCHHtiM nsBecxHbiM npHMepoM, Kor^a 
(|)yHKLi,Ha 6ejTKa CBasana c npoiteccoM, cxoahbim c aHOMajibHbiM (|)H6pHJTJToreHe30M, 
aBjiaioxca 6ejTKH mejTKa naceKOMbix (Hamodrakas et al., 2004). B xo ^e BpeMa 
HajTHHHe MHoacecxBeHHbix npoMe^cyxoHHbix cocxoaHHH xapaKxepHO jiji^ Gojibinoro 
Kjiacca 6ejTK0B, ynacxByiomnx b jTHraHfl,-peiienxopHOM BsaHMOAeiicxBHH, xaK KaK 
oxcyxcxBHe OAHOsnaHHO onpeASJieHHOH KOH(|)opMaiiHH Ba^HO jxji^ 
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(|)yHKiiHOHHpoBaHHa xaKHx GcjiKOB. HanpHMcp, anojTHnonpoxeHH Al b oxcyxcTBHe 
jTHnHflOB xepaex HeoGxoflHMyio fljia CBasbiBaHHa c peijenxopoM cxpyKxypy, ho 
cnoco6eH HaxoflHXbca b necKOJibKHx cxaGnjibKbix KOH(|)opMaiiHax. Hmchho b xaKOM 
cocxoaHHH 3X0X 6ejT0K cnocoGcH o6pa30BbiBaxb (|)H6pHjTjTbi (Merlini, Bellotti, 2003). 
OxcyxcxBHe ^ecxKoii cxpyKxypbi xaK^e Ba^HO jsji^i BsaHMOAsiicxBHa jiexKHx iieneii 
HMMyHorjTo6yjTHHOB c aHXHrenaMH. BapnaGejibHOCXb jierKoii iienn xaK^e npHBO^Hx 

K BblCOKOil BepOaXHOCXH aMHJTOHAOFeHHOCXH 3X0X0 KJiaCCa 6ejTK0B, HXO H 

Ha6jTK)Aaexca npn aMHjioHAOsax AA (Selkoe et al., 2003). Hnxepecen xaK^e ^slkt 
cnoco6HOCXH k o6pa30BaHHK) (|)h6phjtjt in vitro oahhm h3 (|)aKxopoB pocxa 
(|)H6po6jTacxoB (Srisailam et al., 2003), CBHAexejibcxByiomHii o bosmo^chom 
cxoACXBe cxpyKxyp, oxBenaiomnx sa Me^MOJiCKyjiapHbie BsaHMOfleiicxBHa npn 
aMHjTOHflOxeHese h BsaHMOAsiicxBHa c peijenxopaMH, cnocoGnbiMH BbiSBaxb nepexofl, 
KjiexKH Ha nyxb anonxosa. 

AMHHOKHCJTOXHbie saMCHbi B nocjicflOBaxejibHocxH 5ejTK0B, Ha6jTK)AaK)mHeca 
npH HacjieACXBeHHbix (|)opMax aMHjiOHflOSOB, cnocoGcxByiox yMeHbineHHio 

3HepFeXHHeCK0F0 6apbepa Me^^y HaXHBHbIM COCXOaHHCM H COCXOaHHCM, B KOXOpOM 

6ejiOK cnoco6eH ynacxBOBaxb b oGpasoBaHHH aMHjiOHAHbix (|)h5phjtjt (Horwich, 
2002). ^pyxHe HSMeneHHa nepBHHHoii cxpyKxypbi Moxyx npHBecxH k 
BOSHHKHOBeHHK) B nocjiCflOBaxejibHOCXH nenxH;i,a hjth na noBepxHOCXH 6ejTKa 
y^acxKOB, cnoco6Hbix k o6pa30BaHHio Me^MOJiCKyjiapHbix CBasefi, xaK^e 
cnoco6Hbix cxa6HJTH3HpoBaxb HenaxHBHbie KOH(|)opMaiiHH 6ejTKa (Kumagai, 
Kuwajima, 1995). 

Cnoco6Hbi BjTHaxb Ha BejiHHHHy 3HepFexHHecK0F0 5apbepa h hohbi MexajiJiOB, 
ynacxByiomHe b cxaGnjTHsaiiHH HaxHBHOxo hjth nacxHHHO flenaxypHpoBaHHOxo 
cocxoaHHa 5ejTKa. TaK, nanpHMep, fljia nepexo^a AJI b cocxoanne pacnjiaBjieHHoii 
FjTo6yjTbi flOCxaxoHHO yAanGHHa Hona KanbiiHa, npHcyxcxByiomexo b xojTO(|)opMe 
3X0X0 6ejTKa (rnjibMaHinHH h jsp., 1982), axpexaiiHa BAIT b npncyxcxBHH hohob 
MQjsji cnocoGna npoHCxoAHXb ^a^ce npn neGojibinoM HSMeHeHHH pH (Atwood et al., 
1998), a npHcyxcxBHe hohob uHHKa b HeGojibmnx KOHi;eHxpaiiHax cnoco6cxByex 
(|)H6pHJTJTOFeHe3y HHcyjTHHa (IIoKpoBCKHii H jsp. 2004). 
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1.8.HHrH6HTopM ^H6pHjijioreHe3a. 

K co^ajieHHK), b nacToamee Bpeivia ne cymecxByex 3(|)(|)eKTHBHbix cpeflCXB 

npO(|)HJTaKTHKH H TCpanHH aMHJTOHAOSOB. OCHOBHbie HanpaBJlCHHa, no KOTOpbIM 

BCflexca noHCK xaKHx cpeflCXB - 3to paspaGoxKa coeAHHeHHii, cnocoGnbix 
npeAOTBpaxHTb aHOMajibHbiii (JDnGpHJiJioreHes nojinnenxHAOB h/hjth nsGe^axb 

nO^BJieHHa HX npe(|)H6pHJTJTapHbIX OJTHFOMepHblX (|)OpM, XOKCHHHblX JSJI51 KJieXKH. 

1.8.1. XHMHHCCKHe uianepoHM. KaK y^e roBopHJiocb Bbime, coGbixneM, 
Heo6xoAHMbiM JSJI51 (|)H6pHJTJToreHe3a npHpoflHoro 6ejTKa, ^Bjiaexca yxpaxa Gcjikom 
ero HaxHBHoii KOH(|)opMaiiHH. B ocHOBy paspaGoxKH xaK nasbiBaeMbix «xHMHHecKHx 
manepoHOB» jierjia H^e^ cxaGnjiHsaiiKH HaxHBHoii KOH(|)opMaiiHH 6ejTKa sa cnex 
CBasbiBaHHa c npnpoflHbiM jTHxaHAOM HJTH CFO CHHxexHHecKHM aHajTOFOM (Bernier et 
al. 2004; Matsuda et al., 2003; Desnick, 2004). Hsbccxho, nanpHMcp, hxo xhpokchh 
cnoco6eH Bbicxynaxb b KanecxBe HHrnGnxopa (JDnGpHJiJioreHesa xpancxHpexHHa 
(Reixach et al., 2004). Bbiji npoBe^eH hohck HCKyccxBenHbix coeflHHeHHii, 
cnoco6Hbix CBasbiBaxbca c aKXHBHbiM iienxpoM 3xoro 6ejTKa. IIpH paspaGoxKe xaKHx 
HHrnGnxopoB aKXHBHO HcnojibsoBanHCb Mexoflbi KOMnbioxepHoro MOASJinpoBaHHa, 
nosBOJiaiomHe BbiHHCJinxb caiixbi npHCoeAHHCHHa HCKyccxBenHbix jiHraHAOB k 
xpancxHpexHHy h oiieHHXb Koncxanxbi CBasbiBanHa. B pesyjibxaxe 3xhx 
HCCJieflOBaHHH 6bijTH CHHxesHpoBaHbi H Hsy^eHbi noxeniiHajTbHbie HHrnGHxopbi 
(|)H6pHjTjToreHe3a xpancxapexKHa na ochobc AH6eH30(|)ypaHOB h npoHSBO^Hbix 
(|)eH0Kca3HHa. Bbijio noKasano, hxo xaKne coeflHHCHHa AGHCXBHxejibHO HHrHGnpyiox 
(|)H6pHjTjToreHe3, o^naKO, BCJie^cxBHe BbicoKoii xokchhhocxh, jsji^i jTeneHHa 
aMHjTOHAOSOB OHH HenpHMeHHMbi (McPhec, Dobson, 2000). 

1.8.2. XHMHHCCKHe HHrnSHTopw. 06cy^Aaexca bosmo^hocxb HcnojibSOBanHa 
cnei;H(|)HHecKHx KpacHxejieii, cnocoGnbix CB^sbiBaxbca c (|)H6pHJTJTaMH, b KanecxBC 
hhfhGhxopob (|)H6pHjTjTOFeHe3a. TaK, Qhuio noKasano, hxo pasjiHHHbie MOJiapHbie 
cooxHomeHHa Me^^y Kohfo KpacHbiM h (|)H6pHjTjT0FeHHbiMH 6ejTKaMH cnoco6Hbi no- 
pasHOMy BOSfleiicxBOBaxb na (JDnGpHJiJiOFenes. B ycjiOBnax jsji^i (JDnGpHjijiOFeHesa 
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jierKOH iienH HMMyHorjioGyjiHHOB npn cooxHomeHHH hh^c SKBHMOJiapHoro Konro 

KpaCHblH BJTHajT Ha CKOpOCTb (|)H6pHJTJTOreHe3a, HO He OKaSblBajT BJlH^HHa Ha 
M0p(|)0JT0rHK) (|)H6pHJTJT. IIpH 1 .3-4.8-KpaTHOM HSGblTKe KpaCHTCJia HOMHMO 

(|)opMHpoBaHHa (|)H6pHjTjT Ha6jTK)Aajiocb (|)opMHpoBaHHe aMop(|)Hbix arperaxoB 
6ejTKa, npH 8.8-KpaTHOM hsGlitkc HaGjnoAanacb yxpaxa HaxHBHOH KOH(|)opMaiiHH, ho 
He arperaiiHa 6ejTKa. npeflnojiaraeMoii hphhhhoh xaKoro ASHCXBHa Kohfo KpacHoro 
aBjiaexca HHxepKajiaiiHa MOJieKyji KpacHxejia Me^^y 6exa-cjToaMH, 
ocymecxBjiaiomaaca sa cnex tz-tz BsaHMOAeiicxBHH Me^^y ero apoMaxHHecKHM 
rpynnaMH h apoMaxHHecKHMH aMHHOKHCJioxHbiMH ocxaxKaMH 6ejTKa, a xaK^e 
HOHHbie BsaHMOflCHCxBHa (Kim et al., 2003). K co^aneHHio, GojibniHHCxBO xaKHx 
BemecxB aBjiaioxca MyxarenaMH hjth xokchhhbi. 

1.8.3. IlenTHaHbie HHrnSHTopw. B nocjiCAHee BpeMa Gojibinne nafle^flbi 
Bosjiaraioxca na nenxHAHbie hhfhGhxopbi (JDnGpHjijioreHesa. Oahhm h3 mcxo^ob 
KOHCxpynpoBaHHa nenxHAHbix hhfhGhxopob (JDnGpHjijioreHesa aBjiaexca cos^aHHe 
HCKyccxBeHHOFO nojTHnenxHfl,a, 6jth3kofo ho nepBHHHoii cxpyKxype k 
aMHjTOHAOFeHHOMy AGTepMHHaHxy 6ejTKa, ho coflep^amexo fl,o6aBOHHbiH ynacxoK, 
He oGjiaflaiomHH apKO Bbipa^eHHoii bxophhhoh cxpyKxypoii hjth Hecymnii sapa^, 
(Hall et al. 2005). TaKoii HOJinneHXHA CHOCo6eH k KOHKypenxHOMy BsaHMOASHCXBHio 

C aMHJTOHAOreHHbIM AGTepMHHaHXOM, HO He CH0C06eH K HpHCOeAHHeHHK) 

cjieflyiomero MOHOMepa. HanpHMep, HpHCoe^HHeHHe h^xh sapa^ennbix ocxaxKOB R 
K N-KOHiiy HenxH^a, hojihocxbio roMOJiorHHHoro aMHjiOHAoreHHOH AGTepMnnanxe 
HHcyjTHHa npHBejTO k cosAanHio nnrnGnxopa (JDnGpHjijioreHesa 3xoro 6ejTKa (Gibson, 
Murphy, 2006). 

B cjiynae HSBecxHoro aMHjiOHAoreHHoro flexepMnnanxa, aBjiaiomeroca 
(|)parMeHX0M 6exa-cxpyKxypbi, nenxHA, roMOJiorHHHbiH xaKOMy ynacxKy, ho 

HeCymHH aMHHOKHCJTOXHbie SaMeHbl OflHOFO HJTH AByX FHfl,p0(|)06HbTX 

aMHHOKHCJTOxHBTx ocxaxKOB Ha sapa^eHHbTe Mo^ex HocjTy^HXb B KanecxBe xaK 
HasbTBaeMOFO «pa3pyTnHxejTa 6exa-cjToeB». ByflynH ^oGaBjTen b pacxBop, x^e 
HpoHcxoflHx (|)H5pHjTjToreHe3, xaKOH HeHXHfl, o6pa3yex BOflopo^HbTe cb^sh c 
aMHjTOHAoreHHBTM ASxepMHHaHxoM (|)H6pHjTjToreHHoro 6ejTKa, HO HpenaxcxByex 
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npHCoeflHHeHHK) cjieflyiomero MOHOMepa 6ejTKa no MexannsMy KOHKypeHXHoro 
CBasbiBaHHa (Wang, Hecht, 2002). 

BosMO^HO cosAanne nenxHAnoro nnrnGnxopa na ochobc nocjieAOBaxejibnocxn 
npnpoAHOFO 6ejTKa, BsanMOflencxByioniero c Gcjikom, cnocoGnbiM k 
(JDnGpHjijiorenesy. TaK npeflnojiaraexca, nxo b KanecxBe nenxHAHoro nnrnGnxopa 
(JDnGpHjijiorenesa xpancxHpexnna MO^ex Bbicxynaxb (JDparMenx 6ejTKa LAMP-1, 
cnocoGnoFO CBasbiBaxbca c 3xhm Gcjikom h npeflOXBpaniaxb ero aMnjiOHAorenes npn 
HH3KHX SHanennax pH (Chang et al., 2004). 

^jia paspaGoxKH HHrnGnxopa (JDnGpHJiJioreHesa 6ejTKa G cxpenxoKOKKOB GbiJia 
npHMeHena cjieflyioniaa cxpaxerna. BnaHajie 6biJT0 npoBefleno KOMntioxepHoe 
MOASJinpoBaHHe BsanMOAeiicxBHa AByx 6exa-l-A0MeH0B 3xoro 6ejTKa c 
HcnojibSOBaHHeM nporpaMMbi jsji^i noncKa nanGojiee aneprexKHecKH BbiroflHoro 
BsaHMHOFO pacnojTO^eHHa MOJieKyjT b npocxpancxBe (AOKHnra). Ha ocHOBaHnn 
pesyjibxaxoB MO^ejinpoBaHHa 6biJT0 CAeJiano npeflnojioaceHne oxHOcnxejibHO 

aMHHOKHCJTOXHblX OCXaXKOB, HXpaiOniHX pOJlb BO BSaHMOASHCXBHaX, 

o6ycjTOBjTHBaK)niHx ojTHFOMepHsaiimo 3xofo 6ejTKa. PeKOMGnHaHXHbiii 6ejT0K, 
HecyniHH aMHHOKHCJioxHbie saMCHbi b 3xhx no3HL[Hax, 6bijT cnoco6eH Bbicxynaxb b 
KanecxBe nnxnGnxopa (JDnGpHJiJioreHesa 6ejTKa G cxpenxoKOKKOB in vitro (Shucla et 
al, 2004). 

1.9. Ajib^a-jiaKxajibSyMHH h jih30uhm KaK Mo^ejibHwe Scjikh. 

IIpoLiecc anoMajibHOFO (JDnGpHJiJioxeHesa pasjinnnbix Gcjikob npoxcKaex 
cxoAHbiM o6pa30M H noflHHHaexca o6niHM saKOHOMepnocxaM. IIoaxoMy b KanecxBC 
MOASJieii fljia paspaGoxKH cxpaxernn 6opb6bi c aMHjiOHflOsaMH Moryx 6bixb 
HcnojibsoBaHbi pasjin^Hbie (|)H6pHJTJToreHHbie Gcjikh. JIhsoiihm KypnHoro aiiiia 
^Bjiaexca oflHHM H3 ncpBbix 6ejTK0B, JSJI51 Koxopbix cxajia HSBecxna 
npocxpaHCXBCHHaa cxpyKxypa h MexannsM (|)epMeHxaxHBHOH aKXHBHOCxn, noaxoMy 
cxpyKxypHbie ocoGchhocxh 3xoro 6ejTKa HsyneHbi aobojibho xopomo (Onjijinnc, 
1968; TypoBepoB n jsp., 2001). B xo ^e Bpeivia (JDnGpHJiJioreHes jinsoiiHMa nejiOBCKa, 
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BblCOKOrOMOJTOrHHHOrO JTH30Ll,HMy KypHHOFO aHIja, aBJiaeXCa npHHHHOH 
BOSHHKHOBeHHa CHCXeMHblX HC HeiipOnaTHHeCKHX aMHJTOHflOSOB. 

AjTb(|)a-jTaKTajTb6yMHH aBjiaexca Gcjikom, jsji^i Koxoporo BnepBbie 6bijT0 onHcano 
cocTO^HHe MOJTTeH-rjTo6yjTbi. ^jia npe(|)H6pHJTJTapHbix ojTHroMepoB 3Toro 6ejTKa 
xapaKxepHbi iiHxoxoKCHHecKHe CBoiiCTBa, npHcymne npe(|)H6pHJTJTapHbiM (|)opMaM 
6ejTK0B, ynacTByiomHx b naxorenese aMHjiOHAOSOB (Svensson et al., 2000; Merlini, 
Belotti, 2005). B to ^e BpeMa, ajTb(|)a-jTaKTajTb6yMHHbi h jiHsoiiHMbi oGjiaflaiOT 
cxoflHOH npocxpaHCTBeHHOH cxpyKxypoH, HTO nosBOJiaex npoBOflHXb napajTJiejTH 

MQTKJSy paSJTHHHaMH B CXpyKXypC 3XHX GCJIKOB H paSJlKHHCM B HX CBOHCXBaX, 

npoaBjiaiomnxca b npoijecce (JDnGpHJiJioreHesa. 

1.9.1. JIh30uhm. JIh30li,hm (EC 3.2.1.17) - 3xo 6ejT0K c MOJieKyjiapHoii Maccoii 
14,6 K^a, cocxoamHH hs 129 aMHHOKHCJioxHbix ocxaxKOB (a.o.). JIhsoiihm 
KaxajTHSHpyex fhapojths 6exa (1-4) rjiHKOSHAHbix CBaseii Me»cfl,y N- 
aLi,exHjiMypaMOBOH khcjtoxoh h N-auexHjirjiiOKOsaMHHOM MyKonojiHcaxapHAOB 
6aKxepHajTbH0H cxchkh. B opranHSMe HejiOBCKa oh 6bijT oGnapy^en b cejiescHKe, 
jiexKHx, noHKax, jieiiKOiiHxax, mojiokc, cjiesax h cjhohc (OMIM LYS). 

npocxpaHCXBCHHaa cxpyKxypa jiHSOUHMa xopomo Hsynena h paspaGoxanbi 
Mexoflbi, nosBOJiaiomne Hsynaxb HSMeneHHe cxpyKxypbi jiHSOiiHMa b pasjiHHHbix 
ycjTOBH^x. IIoaxoMy jth30li,hm kbrhqtch xopomeii MOflCJibio jsjin HcnbixaHHa in vitro 
HOBbix (JDapMaKOJTOFHHecKHx npcnapaxoB jsji^i 5opb6bi c aMHjiOHAOsaMH (Merlini, 
Belotti, 2005). 

IIpH HsyHeHHH BjiH^HHa pH H xeMnepaxypbi na (|)H6pHjTjToreHe3 jiHSOiiHMa 
(Arnaudov, de Vries, 2005) 6bijT0 noKasano, hxo jin^ oGpasoBanna (|)h6phjtjt 
jTHSOiiHMa HejTOBeKa h jTHSOiiHMa KypHHOFO aiiiia in vitro Heo6xoflHMO noBbimeHne 
xeMnepaxypbi ^o 55-65 °C n nonn^enne pH ^o 2-2.5. 

AMHjT0Hfl,03bi, CBasannbie c (JDnGpHjijiorenesoM jinsoiiHMa (ALys) - 3xo 
nacjie^cxBennbie saGojieBanna, nepeflaionineca KaK ayxocoMno-AOMnnanxnbin 
npnsnaK. AnoMajibnbin (JDnGpHjijiorenes jinsoiiHMa npnBOflnx k cncxeivinbiM ne 
nenponaxHHecKHM aMnjion^osaM. Y 6ojTbnbix naGjiiOflaioxca aMHjTOHfl,nbie 
oxjTO^enna b cocy^ax, Koxopbie oGbinno npnBO^^x k CMepxn b naxon ASKa^e ^nsnn 
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(Woo, 1996). TaK^e onHcano ^Ba cjiynaa btophhhoh OTKpbiToyrojibHoii rjiayKOMbi, 
npH KOTopbix 6biJTH oGnapy^eHbi aMHjiOHflHbie oxjio^eHHa jiHSOiiHMa b xKanax 
rjiasa. (OMIMLYS). 

IIOBblineHHaa aMHJlOHAOreHHOCTb JlHSOIIHMa aBJiaeXCa CJieflCXBHCM HajlHHHa 
aMHHOKHCJTOTHblX SaMCH B QTO nOCJieflOBaxejlBHOCTH. B HaCTOamee BpeMa HSBeCTHbl 

ABC xaKHe saMCHbi (T56I h H67D). OnGpHjijibi, nojiyneHKbie h3 xKaHeii naiiHenxoB c 
ALys, coAsp^ajTH tojtbko MyxaHTHbiii GejiOK, xoxa GojitHtie aBjiajiHCt 
rexeposHroTHbiMH HOCHxejiaMH MyxauHH (Pepys et al., 1993). 

B pa6oxe (Booth et al., 1997) Gbijio noKasano, hxo cooxBexcxByioniHe 
aMHHOKHCJTOXHbiM saMCHaM T561 H H67D B nocjiCAOBaxejibHocxH jiHsoiiHMa 
HejiOBCKa aMHHOKHCJTOXHbie saMCHbi 15 5T h D66H b nocjiCAOBaxejibHocxH jiHsoiiHMa 
KypHHOFO aiiiia BbisbiBaiox noBbimeHHe aMHjiOHfloreHHOCXH 3xoro 6ejTKa in vitro. 

TaKHe HSMCHeHHa aMHHOKHCJTOXHOH nOCJlCflOBaxejlbHOCXH fl,eCXa6HJTH3HpyK)X 

npocxpaHCXBCHHyK) cxpyKxypy jth30li,hmob, h xaKHM o6pa30M npHBO^ax k pocxy 

HHCJia HenpaBHJlbHO CJlO^eHHblX KOH(|)OpMepOB npH (|)H3H0JT0rHHeCKHX yCJTOBHaX. 

HeKoxopbie h3 3xhx KOH(|)opMepoB cnoco6Hbi B3aHM0AeHcxB0Baxb Me^fly co6oh c 
o6pa30BaHHeM (|)h6phjtjt (Merlini, Belotti, 2003). 

H3MeHeHHe KOH(|)OpMaiIHH JTH30IIHMa npO^BJiaeXCa H B H3MeHeHHH HHCJia 

aMHHOKHCJTOXHbix ocxaxKOB, ^ocxynHbix pacxBopHxejTK). B onbixax c oGmchom 
flCHxepHa 6biJT0 noKa3aHO, hxo oGmch Bcex ^ocxynHbix npoxoHOB b MyxanxHOM 
6ejTKe npoHCxoAHx b xeneHHe MHHyx, b xo BpeMa KaK 55 xaKHx npoxoHOB 6ejTKa 
AHKOFO xHna He cnoco6Hbi k oGMeny AsiixepHeM co cpcAoii. B nepexoflHbix 
cocxoaHHax, npeflinecxByiomHx (|)H6pHjTjToreHe3y jTH30i;HMa KypHHoro aiiiia, ajTb(|)a- 
AOMCH 3xoro 6ejTKa ocxaexca cxpyKxypnpoBaHHbiM, b xo BpeMa KaK 6exa-A0MeH 
xepaex CBOK) BxopHHHyio cxpyKxypy. IIoaxoMy 6biJT0 CASJiano npeflnojio^CHHe, hxo 
HMCHHO 6exa-A0MeH nrpaex KniOHeByK) pojib b npoijecce (|)H6pHJTJToreHe3a (Horwich, 
2002). 3x0 npeflnojio^CHHe noAXBep^^aexca h pe3yjTbxaxaMH, nojiyHeHHbiMH b 
pa6oxe (Krebs et al., 2000), r^e Gbijio noKa3aHO, hxo (|)parMeHx Gexa-AOMena 
jTH30iiHMa KypHHOFO Kmj,Si 49-63 a.o. (GSTDYGILQINSRWWS) chocoGch 

(|)OpMHpOBaXb (|)H6pHJTJTbI. 
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AnajTHS AaJitHeiimHx KOH(|)opMaiiHOHHbix nepexoflOB jiHSOiiHMa c noMombio 
PaMaHOBCKOH cneKxpocKonHH b oGjiacxH ^aJitHero YO noKasan, hto b TeneHHe 
nepBbix 29 nacoB HHKy6aiiHH b KOHueHxpaiiHH 14 mf/mji npn 65°C AOJia ajTb(|)a- 
cnHpajieii (32% b HaxHBHOM cocxoaHHH) CHH^aexca js,o 6%. TaK^e Qhuio noKasano, 

HXO OflHOBpeMCHHO C 3XHM yBejTHHHBaeXCa AOCXynHOCXb (JDeHHJiajiaHHHOB 

pacxBopHxejTK) (Xu et al. 2005a). HnxepecHO, hxo npn onpeflejieHHbix ycjiOBHax 
(|)opMHpoBaHHe (|)H6pHJTJT jTH30i;HMa KypHHOFO ^Hiia MO^ex npoHCxoflHXb fl,a^e npn 
nojTHOM BoccxaHOBjieHHH AHcyjTb(|)Hfl,Hbix CBascH B 3X0M GcjiKC (Cao ct al, 2004). 

B pa6oxe (Malisauskas et al., 2006) noKasano, hxo npe(|)H6pHjTjTapHbie (|)opMbi 
jTHSOiiHMa jTomaAH cnoco6Hbi BbisbiBaxb rnGejib paKOBbix kjicxok b Kyjibxype. 
JIhsoiihm h3 MOJTOKa jTomaAH HanGojiee 6jth30k no aMHHOKHCJioxHoii 
nocjieflOBaxejiBHOCXH (okojto 80%) k jiHSOiiHMy h3 MOJiOKa ocjia h jiHSOiiHMy h3 
MOJTOKa co6aKH. TaKHe jthsoiihmbi cnocoGnbi CBasbiBaxb hoh Kajibiina, hoaoGho 
jiaKxajibGyMHHaM. B xo ^e BpeMa, jthsouhmbi co6aKH, Bbi^ejieHHtie h3 MOJiOKa h 
cejieseHKH, roMOJiOFHHHbi Apyr Apyry na 45% , npn 3xom jthsoiihm h3 cejiesenKH 

FOMOJTOFHHeH Ha 83% JTH30L[HMaM ^PyrHX MJieKOnHXaiOmHX H nXHLl (jTH30L[HM0B C- 

xHna) H He cnoco6eH CBasbiBaxb hoh KajibUHa (Grobler et al., 1994). B nacxoanjee 

BpeMa XOKCHHHOCXb Hpe(|)H6pHJTJTapHbIX (|)OpM JTH30L[HM0B, He CHOCOGhBIX CB^SblBaXb 

HOH KajibiiHa, He HOKasana. 

B pa6oxe (Kuroki et al., 1989) c noMonibio caHx-HanpaBjieHHOFO Myxaxenesa b 
HOCJieflOBaxejibHOCXH jinsoiiHMa KypHHoro aiiiia 6biJT cos^an Ca -CBasbiBaioniHH 
EF-hand moxhb. Bbijio HOKasano, hxo jthsoiihm, necyniHii xaKne MyxaiiHH CHOCo6eH 
coxpanaxb (JDepMeHxaxHBHyio aKXHBHOCXb b HpncyxcxBHH CBasanHoro Hona Kajibiina 
Hpn xeMHepaxype 80°C, b xo BpeMa KaK jthsoiihm ahkofo xnna xepaex aKXHBHOCXb 
Hpn xeMHepaxype Bbime 40°C. TaKHM o6pa30M, CBasbiBaHne Hona KajibUHa 

HpHBOflHX K HOBbimeHHK) CXa6HJTbH0CXH CXpyKXypbl JTH30L[HMa. 

3B0JTK)L[H0HHbiMH HpeflmecxBeHHHKaMH ajTb(|)a-jTaKxajTb6yMHH0B aBjiaioxca 
KajibUHH-CBasbiBaioniHe jthsouhmbi, b cbok) onepeflb HpoHSomeflniHe ox jthsouhmob 
C-xHHa (Nitta et al., 1989). no-BH^HMOMy, BHanajie HpoHSonma jsyuimKaujifi xena 

JTH30H,HMa, HXO HpHBejTO K CHH^eHHK) flaBJieHH^ Ox6opa Ha MyxaH,HH BO BXOpOH 
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KonHH rena, xaK KaK jsji^i ryMopajibHoii samnxbi opraHHSMOB ox GaKxepnii 6biJT0 
AOCxaxoHHO OflHoii KonHH (Shewale et al., 1984). BosHHKniHe MyxaiiHH npHBCJiH k 
o6pa30BaHHK) caiixa CB^sbiBaHHa KajibUHa, a saxeM h k CMene cyGcxpaxHoii 
cneiiH(|)HHHOcxH jTHSoiiHMa H BOSHHKHOBeHHK) FCHa jiaKxajibGyMHHa. (Hall et al., 
1982; Prageretal, 1988). 

1.9.2. Ajib^a-jiaKTajibSyMHH. AjTb(|)a-jTaKxajTb6yMHH HejiOBCKa - 3xo 6ejT0K, 
cocxoamHH H3 123 a.o. h HMeiomHii MOJieKyjiapnyio Maccy 14076 ^a (Permyakov, 
Berliner, 2000). AJI aBjiaexca MOflH(|)HLi,HpyK)meH cyGteflKHHiieii jiaKxoso-CHHxasbi. 
BxopbiM KOMnoHeHxoM jiaKxoso-CHHxasbi aBjiaexca rajTaKX03HjTxpaHC(|)epa3a. CaM no 
ce6e 3X0X 6ejT0K cnoco6en nepenocnxb rajiaKxosy c UDP-rajiaKxosbi na N- 
an,exHjTrjTK)K03aMHn. AJI Menaex cneiiH(|)HHnocxb rajTaKX03HjTxpanc(|)epa3bi, n 
jiaKxoso-cnnxasa nepenocnx rajiaKxosy ne na N-aiiexnurjiiOKOsaMnn, a na rjiiOKOsy, 
Hxo npnBOflnx k oGpasoBannio jiaKxosbi. rajTaKX03njTxpanc(|)epa3a npncyxcxByex b 
6ojibmnncxBe opranoB n xKanen, b xo Bpeivia KaK AJI o6napy^nBaexca xojtbko b 
jTaKxnpyionien MOJionnon ^ejiese (Horwich, 2002). B nacxoanjee BpeMa nensBecxnti 
naxonornnecKne npoijeccbi, npn Koxoptix nponcxo^nx (|)n6pnjTjTorene3 AJI. 

AJI aBjiaexca nepBbiM 6ejTK0M, jsji^i Koxoporo 6biJT0 o6napy^eno cymecxBOBanne 
cocxoanna pacnjiaBjiennon rjioGyjibi - cocxoanna, npn KOxopoM 6ejT0K npo^Bjiaex 
CBOHCXBa, xapaKxepnbie KaK jsjik naxnBnon, xaK n jsjik pasBepnyxon Kon(|)opMan,nn 
(rnjiBManmnn n jsp., 1982). Ilpn nepexo^e b cocxoanne pacnjiaBjiennon rjioGyjibi 
rnApoflnnaMnHecKnn pa^nyc MOJieKyjibi AJI yBejinnnBaexca na 30%. J^ji^i 
pacnjiaBjiennon rjio6yjibi AJI xapaKxepno najinnne cxo^nbix c npncyxcxByiomnMn b 
naxnBnoM cocxoannn BOflopoflnbix CBasen Me^^y nenxnfl,nbiMn rpynnaMn 
(onpe^ejiaiomnx Bxopnnnyio cxpyKxypy) n rnApo(|)o6nbix KonxaKxoB Me^^y 
5oKOBbiMn iienaMn aivinnoKncjioxnbix ocxaxKOB. B xo ^e BpeMa ocjia6jiaioxca Ban- 
Aep-BaajibCOBO npnxa^enne, BOflopo^nbie CBasn Me^^y 6oKOBbiMn rpynnaMn n 
nonnbie BsanMOAencxBna. B onbixax in vitro noKasano, hxo BpeMa nepexo^a ns 
nojinocxbK) pasBepnyxon Kon(|)opMaiinn b cocxoanne pacnjiaBjiennoii rjio6yjibi na 
xpn nopa^Ka npeBbimaex BpeMa nepexo^a ns cocxoanna pacnjiaBjiennoii rjio6yjibi b 
naxnBnoe cocxoanne. 3xo CBnfl,exejibCXByex o xom, hxo npoMe^yxonnaa (|)opMa AJI 
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jie^HT Ha «KHHeTHHecKOM nyTH» CBopaHHBaHHa pasBepHyxoH iienn 6ejTKa b 
HaxHBHyK) npocxpaHCTBeHHyio cxpyKxypy (OnHKejibinxeiiH, IIxHiibiH, 2004). 
HccjieflOBaHHa xeMnepaxypnoro njiaBjiCHHa AJI noKasanH, hxo nepexofl b cocxoaHHe 
pacnjiaBjieHHoii rjioGyjibi - 3xo nepexofl, xnna «Bce hjth HHHero», xo ecxb, no- 
BH^HMOMy, cymecxByex 3HeprexHHecKHH 6apbep npn nepexo^e Me^^y HaxHBHoii 
KOH(|)opMaiiHeH AJI H pacnjiaBjieHHoii rjioGyjioii. IIpH AaJitHeiiineH xenjiOBoii 
AGHaxypaLiHH KOonepaxHBHoro njiaBjienna ne npoHCxo^Hx (rnjibMaHinHH h jsp., 
1982). 

AJI nepexoflHx b cocxoaHHe pacnjiaBjieHHoii rjioGyjibi npn AenaxypHpyiomHx 
BOSASHCXBHax (xaKHx, KaK CHH^CHHe pH js,o 2.4 H HarpeBaHHe flo 55 °C, a xaK^e npn 
fl,ecop6iiHH HOHa KanbiiHa MOJieKyjioii 6ejTKa (rHjibManinHH h jsp., 1982). Te ^e 
ycjTOBHa Heo6xoflHMbi JSJI51 (|)H5pHjTjToreHe3a AJI. HnxepecHO, hxo yflaneHHe ynacxKa 
40-56 6exa-A0MeHa npn noMOiu,H orpaHHHeHHoro npoxeojiHsa ne Bjinaex na 
cnoco6HOCXb AJI nepexoAHXb b cocxoaHHe pacnjiaBjieHHoii rjioGyjibi (Polverino de 
Laureto et al., 2001, 2002) h ne Bjinaex na cnocoGnocxb 3xoro 6ejTKa k 
(|)H6pHjTjToreHe3y (Laureto et al., 2005). 

B pa5oxe (Cawthem et al., 1997) Gbijio noKasano, hxo npn yjxaiiQmm Hona 
KajibUHa AJI 5biKa cnocoGen BsaHMOfleiicxBOBaxb co cxeapHHOBoii khcjtoxoh. Ha 
ocHOBaHHH pesyjibxaxoB 3xhx 3KcnepHMeHX0B c^ejiaHO npe^nojio^eHHe o HanHHHH 

flOnOJTHHXejlbHOil (|)yHKIIHH AJI, CBaSaHHOH C XpaHCnOpXOM ^HpHblX KHCJTOX B 
MOJTOKe. 

KoMnjieKC (HAMLET) MyjibXHMepoB AJI nejiOBeKa c ojieHHOBoii khcjtoxoh 
(18:1) oGjia^aex 6aKxepHiiHfl,H0H aKXHBHOCXbio ho oxHomenHio k Streptococcus 
pneumonia (Hakansson et al., 2000), a xaK^e CHOCo6cxByex anonxosy paKOBbix 
KjiexoK B Kyjibxype (Svensson et al., 1999). MyjibXHMepHbie KOMnjieKCbi AJI 
HejTOBeKa (MAJI, MyjibXHMepHbra jiaKxajibGyMHH, h HAMLET (Human Alpha- 
lactalbumin Makes LEthal for Tumor cells)) cnoco6Hbi HSMenaxb npoHHi;aeMOCXb 

MCMGpaH MHXOXOHAPHH. BsaHMOASHCXBHe XaKHX KOMnjlCKCOB C MHXOXOHAPIMMH 

neHCHH Kpbicbi in vitro npHBO^Hx k noxepe MeM6paHHoro noxeHUHajia, Ha6yxaHHK) 

MHXOXOHAPHH H BblCBOGo^ASHHIO Ll,HXOXpOMa C. BblCBOGo^AGHHe Ll,HXOXpOMa C 



43 



MO^ex npHBecTH k aKXHBaiiHH KacnasHoro KacKa^a h anonxosy KjiexoK. TaKoe 
AeiicxBHe KOMnjiCKca ne CBasano c HajiHHHeM ^npHbix khcjtox, xaK KaK nojiHoe hx 
yAajiCHHe npHBO^Hx k saMeAJiSHHio npoi;ecca, ho hc npeflOXBpamaex ero. IIo- 

BH^HMOMy, OJlCHHOBaa KHCJTOXa HQoQxOJSJiMSi flJia 06pa30BaHHa MyjTbXHMepHblX 

KOMnjiCKCOB AJI, HO HC BxoflHx B HX cocxaB (Kohlcr et al., 2001). TaK^e na 
Kyjibxypax kjicxok Gbijio HOKasano, hxo npn fl,ecop6iiHH Hona KajibiiHa AJI HejiOBCKa 
cnoco6eH CBasbiBaxbca c FHCxonaMH (Duringer et al., 2003; Permyakov et al., 2005). 

1.10. 3aKjiH)HeHHe. 

HecMOxpa Ha pasjinnna b cxpyKxype (|)H6pHjTjToreHHbix 6ejTK0B, naGjiiOflaexca 
cxoACXBO B MexaHHSMax, o6ycjTOBjTHBaK)mHx HX (|)H6pHjTjToreHe3 (Merlini, Belotti, 
2003), H03X0My BbMcneHHe xaKHx MexannsMOB, jsji^i orpaHHHeHHoii rpynnbi 6ejTK0B 
MO^ex npHBecxH k cosAaHHio cxpaxexHH jsji^i paspaGoxKH cpe^cxB, nosBOJwiomHx 

6opOXbCa C aMHJTOHflOSaMH. 

OflHH H3 Heo5xOflHMbIX 3XanOB COSflaHHa Cpe^CXB JSJI51 6opb6bI C aMHJlOHflOSaMH 

- 3X0 paspaGoxKa MexoflOB uejieHanpaBjieHHoro BOSfleiicxBHa na ynacxKH GejiKOB, 
B3aHM0AeHCXByK)iii,Hx B npoiiecce (|)opMHpoBaHHa (|)H6pHJTJT (MacPhee, Dobson, 
2000). IIpHBefleHHbie Bbime flaHHbie CBH^exejibCXByiox b nojibsy xoro, hxo 
HanGojiee 3(|)(|)eKXHBHbiM nanpaBjieHHeM noHCKa cpe^cxB jsjik 6opb6bi c 
aMHjTOHflosaMH aBjiaioxca nenxH^Hbie hhfhGhxopbi. HnsKaa xokchhhocxb h BbicoKaa 

CneiIH(|)HHHOCXb BOSASHCXBHa XaKHX COeflHHeHHH Ha (|)H6pHJTJT0reHHbie 6ejTKH 

nosBOJiaex npeAnojio^HXb, hxo HMeHHO na ocHOBe xaKHx coeAHHeHHii Gy^yx 
cosAaHbi hhfhGhxopbi oGpasoBanna xokchhhbix npe(|)H6pHjTjTapHbix (|)opM 6ejTK0B h 
(|)H5pHJTJToreHe3a. AjTb(|)a-jTaKxajTb6yMHH nejiOBeKa h jthsoiihm KypHHoro aiiiia 
cnoco6Hbi o6pa30BbiBaxb aHOManbHtie (|)H6pHjTjTbi (Goers et al., 2002; Krebs et al., 
2000). IIpocxpaHCXBeHHbie cxpyKxypbi 3xhx GejiKOB xopomo HsyneHbi, no3xoMy 
Li,ejTecoo6pa3HO HcnojibSOBaHne 3xhx 6ejTK0B b KanecxBe MOflejieii jsjin HsyneHHa 
anoMajTbHoro (JDnGpHJiJioreHesa (Merlini, Belotti, 2005) h paspaGoxKH cxpaxexHH 
cosAaHHa nenxH^Hbix hhfhGhxopob (JDnGpHJiJiOFeHesa. 
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2. MATEPHAJIbl H METOAbI 

2.1. MaxepHajiw. 

IIpH BbinOJTHeHHH pa60TbI HCnOJlbSOBajTH peaKTHBbI (|)HpM «SIGMA» 

(THO(|)jTaBHH T, NaNs, EDTA, (|)eHHjT-ce(|)apo3a, MapKepti MOJieKyjiapnoro Beca, 
JTH30IIHM KypHHoro ^Hiia, npenapax KjiexoHHoii ctchkh M. luteus), «SERVA» 
(peaKTHBbi fljia 3jTeKTpo(|)ope3a h 6y(|)epHbie pacxBopbi), «TOYOSODA» (cmojtbi jxji^ 
rejTb-(|)HjTbTpaiiHH), «MERCK» (HeopraHHHecKHe cojth). IlenTHAbi 
GYDTQTVVNNNGHTDYG, GYDTQAIVENNESTEYG h NTQATNRNTD Gbijih 
CHHxesHpoBaHbi B 000 «HnO «BepTa», HHCxoxa npenapaxoB npeBbimajia 90%. 
J\ji9i (|)HjTbTpaiiHH o6pa3iiOB nepefl BbinojiHCHHeM CKaHHpyiomeii sohaoboh 
MHKpocKonHH HcnojibSOBajTH (|)HjTbTpbi (|)HpMbi «Orange scientific)). J\ji5i 

CKaHHpyiOmeH SOHAOBOH MHKpOCKOnHH HCnOJlbSOBajTH njiaCTHHKH CJTIOflbl (|)HpMbI 

« Structure Probe Inc.)) h KaHTHjiHBepbi (|)HpMbi «NT-MDT)). TaK^e HcnojibsoBajiH 
CTeKjiaHHbie njiacTHHKH, noKpbiTbie HydroGel (|)HpMbi «Perkin-Elmer)). 
AMHHOKHCJTOTHbie nocjieAOBaxejiBHOCTH (|)H6pHjTjToreHHbix nenxHAOB h Gcjikob 
nojiyHCHbi H3 5a3 Aannbix GenBank (NCBI), SWISS-PROT (SWISSPROT), a xaK^KC 
H3 CTaxeii (Azriel, Gazit, 2001; Liu et al., 2004; Tagliavini et al., 1993; Sedman et al., 
2005; Jarvis et al., 1993; Krebs et al., 2000; Lopez de la Paz, 2002; Legman et al., 
2004; Nelson et al, 2005). 

2.2. BwaejiCHHe ajib^a-jiaKxajibSyiviHHa HejiOBCKa h3 MOJioKa. 

AjTb(|)a-jTaKxajTb6yMHH BbiflejiajiH h3 MOJiOKa HejiOBCKa no Mexo^y, onncanHOMy 
B pa6oxe (Svensson et al., 2000). FpyflHoe mojtoko xpexbero Mecai;a jiaKxaiinn 
xpaHHjTH He 6ojTee 5 flHeii npn +4 C (Aajiee Bce npoiieflypti bcjih npn flaHHoii 
xcMnepaxype) c AoGaBjieHHCM NaNs jxo KOHeHHoii KOHiieHxpaiinn 0.02%. K xaKOMy 
MOJTOKy (500 Mji) fl,o6aBjTajTH cyjTb(|)ax aMMonna 264 r/jinxp, 3axeM HHKyGnpoBajTH 
npn nocxo^HHOM nepeMeniHBaHHH b xeneHne 12-14 nacoB. U,eHxpH(|)yrHpoBajTH npn 
5000g B xeHCHHe 15 Mnnyx n HaflOcaAOHHyio ^n^KOCXb oxGnpanH, jTHO(|)HJTbHO 
BbicyniHBajTH h pacxBopajin nojiyHenHbiii nopomoK b 500 mjt 6y(|)epa (50mM Tpnc- 
HCl, pH 7.5, 35mM 3^TA). ^anee npoBOAHJra BbiflejieHne ajTb(|)a-jTaKxajTb6yMHHa 
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H3 nojiyneHHoro pacxBopa c noMombio rHfl,po(|)o6HOH xpoMaTorpa(|)HH: GejiKOBbiii 

paCTBOp HaHOCHJTH Ha KOJTOHKy oGteMOM 50 MJT C (|)eHHJT-Ce(|)ap030H (CKOpOCTb 

HaneceHHa 1 mjt/mhh), ypaBHOBemeHHyio 6y(|)epoM (50mM Tpnc-HCl pH 7.5, ImM 
3^TA), saxeM npoHSBOflHJiH oxMbiBKy kojtohkh tcm ^e 6y(|)epoM (50mM Tpnc-HCl 
pH 7.5, ImM 3^TA) ao ^2so<0.001 b oxreKaiomeM c kojtohkh pacxoBope. 
PerncxpaiiHio npoBO^HjiH b hpotohhoh KiOBexe c HOMonibio CHCxeMbi (|)HpMbi LKB. 
AjTb(|)a-jTaKxajTb6yMHH sjnoHpoBajiH c kojtohkh c homotiibio 6y(|)epa (50mM Tpnc- 
HCl, pH 7.5, ImM CaCl2). KoHxpojTb hhcxoxbt npenapaxa hpobo^hjth c homotiibio 
AenaxypHpyiOTiiero 3JTeKxpo(|)ope3a b HOJTHaKpnjTaMHflHOM rejTe (IIAAr). 

2.3. 3jieKTpo^ope3 Scjikob b IIAAr. 

A. 3jieKmpo<pope3 e deHamypupywmux ycjioeunx (Laemmli, 1970). 

IIodzomoeKa o6pa3U,oe. IIpoGbT ^jt^ 3jTeKxpo(|)ope3a foxobhjth cjTeAyiOTiiHM 

o6pa30M: k 5 miot 6ejTKa c KOHTieHxpaTiHeii okojto 1 mf/mjt fl,o6aBjTajTH 5 miot 

pacxBopa, coAep:acaBTnero 2% SDS, 2.5% 6exa-MepKaHX03xaH0JT h 0,01% 

6poM(|)eHOJTOBbTH CHHHH, 3axeM HHKyGnpoBajTH Ha KHHaTiieii BOfl^HOH 6aHe B 

xeneHHe 3 MHHyx. 

3jieKmpo<popemuHecKoe pasdejienue e IIAAr. 3jTeKxpo(|)ope3 6ejTKa b 8% IIAAr 

ocyTiiecxBjT^jTH B HjTacxHHax c pa3MepaMH 10x10 cm npn rpaflHCHxe nanpa^eHHa 20 

B/cM B rejTC cjTeAyiOTiiero cocxaBa: 8% aKpnjTaMHfl, 

(aKpHjTaMHA/MexHjTeH6HcaKpHjTaMHfl=29:l), 37mM Tris-HCl, pH 9.4, 0.01% SDS, 

0.01% HepcyjTb(|)ax aMMonna, 0.001% xexpaMexHjTaxHjTCHAHaMHH (TEME^) c 

HCH0JTb30BaHHeM ajTCKxpoAHOFO 6y(|)epa, coAsp^aTiiero 0.125 M Tris-HCl, pH 6.8 h 

0.1% SDS. 

E. /fucK-3JieKmpo4)ope3 e kucjiou cucmeme (Maypep, 1971). 

IIodzomoeKa o6pa3U,oe. K 3 miot o6pa3T;a (15 mkf 6ejTKa) Ao6aBjTajTH 1 miot 6y(|)epa 

(60mM KOH-CH3COOH 5y(|)ep, pH 6.7, 50% xjinuepHH, 0.001% MexHjiOBbiH 

3ejTeHbTH, 10% HaCbimeHHblH CHHPXOBOH p-p HHpOHHHa G). 

3jieKmpo<popemuHecKoe pasdenenue e IIAAF. 3jTeKxpo(|)ope3 jTH30TiHMa, 

HHKy6HpOBaBmerOCa C HCHXH^OM H 6e3 HCHXH^a npOBO^HJIH C HCH0JTb30BaHHeM 
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7.5% pasACJiaioniero ITAAT, coAep>Kaniero KOH-CH3COOH 5y(|)ep, pH 4.3 (70mM 
KOH, 2.5% CH3COOH, 7.5% aKpHjiaMHA 

(aKpHjTaMHA/MeTHjTeH6HcaKpHjTaMHfl,=29:l), 0.01% nepcyjTb(|)aT aMMOHHa, 0.001% 
TEME^) H 5% KOHiieHxpHpyiomero ITAAT coAsp^amero Tris-HCl 5y(|)ep, pH 6.7 
(40mM KOH, 0.2% CH3COOH, 5% aKpajiaMHA 

(aKpHjTaMHfl,/MeTHjTeH6HcaKpHjTaMHfl,=29:l), 0.01% nepcyjTb(|)aT aMMOHHa, 0.001% 
TEME/],). B Ka^ecTBe sjieKxpoAHoro HcnojibsoBanH P-ajiaHHH-aiieTaTHbiH 6y(|)ep, 
pH 4.5 (P-ajiaHHH - 31.2 r, CH3COOH - 8.01 mjt, H2O - ao 1 jt). HenocpeACTBCHHO 
nepefl, ynoTpeGjieHHCM hcxoahbih ajieKxpoAHbiii 6y(|)ep pasBOAHJiH b 10 pas 
AHCTHjTjTHpoBaHHoii BOflOH. 3jTeKTpo(|)ope3 npoBOflHJTH B TeHCHHe 3 HacoB npH 
rpaflHCHTe noxeHiiHajia 15-20 B/cm b annapaxe jsji^i BepxHKajTbHoro 30. 
OKpamueuHue dejiKoe e IIAAF c noMomhw Humpama cepedpa. ITocjie 
npoBeASHHa 3JTeKxpo(|)ope3a rejib noMemanH na 1 nac b 50 mjt pacxBopa jiji5i 
oxMbiBKH ox SDS (50 MJT 96% axanojia, 10 mjt jTeA^Hoii yKcycHoii khcjtoxbt, 40 mjt 
AHCXHjTjTiipoBaHHoii BOflbT). IIpii HsyHeHHii 3jTeKxpo(|)opexiiHecKoro pasAGJieHiia 
ojTHFOMepoB nenxHfla b 50 mjt pacxBopa Ao6aBjTajTii xaK^e (|)opMajTbfleriifl flo 
KOHeHHoii KOHTieHxpaTiHii 1% AJi^ (|)iiKcaTiiiii MOHOMepoB nenxTTfla b rejTe. 3axeM 
noMeTu,ajTH rejTb na 30 MHHyx b 10% pacxBop (v/v) yKcycHoii khcjtoxbt, nocjTe nero 
npoMBTBajTH rejTb AHCXHjTjTHpoBaHHOH BOflOH 3 pasa no 2 MHHyxbT. IIoMeTiiajTii rejTb b 
0.1% pacxBop AgN03 na 30 MHHyx. IIpoMbTBajTH rejTb AHCXHjTjTHpoBaHHoii BOfloii b 
xeneHHe 20 ceKynfl, h noMeTu,ajTii b npoaBHxejTb (3% co^bt GesBOflHoii, 0.1% 
(|)opMajTbAerHAa, 0.0001% xiiocyjTb(|)axa Na). IIocjTe npoaBjTeniia son (|)HKCiipoBajTii 
rejTb B 10% pacxBope yKcycHoii khcjtoxbt. 

2.4. CKaHHpyiomaH soH^iOBan (axoMHaH CHjiOBaH) MnKpocKonnn. 

3KcnepiiMeHXbT npoBOflmTH b JIa6opaxopiiii 6iio(|)ii3iikh MaKpoMOJTCKyjT OMPB 
nH5IO PAH noA pyKOBOACXBOM k.(|)-m.h. ^.B.JIeGe^eBa. AxoMHyio CHJTOByio 
MHKpocKonmo (ACM) npoBOAHJTH na MHKpocKone «Solver-bio» (NT-MDT, 
SejTeHorpafl), CMonxiipoBaHHOM na HHBepxiipoBaHHOM (|)jTyopecTieHXHOM 
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MHKpocKone «01ympus». CKaHHpoBaHHe npoBOAHJiH b nojiyKOHxaKXHOM pe^HMe c 

HcnojibsoBaHHCM KaHTHjTHBepa NSG 01-03. 

CopdUfUR (pujihmpoeaHHOzo pacmeopa <pu6pujiJi na cjiwdnHou nodjioMcue. 

PaCTBOp, COAep^aiU,HH (|)H6pHJTJTbI, paSBOAHJTH (|)HJTbTpOBaHHOH flHCTHJTJTHpOBaHHOH 

BOfloii flo KOHeHHoii KOHiieHxpaiiHH 0.03 mf/mji, saxeM nojiyHenHbiii pacxBop c 
noMombK) mnpHiia npoflaBjiHBajiH nepes 0.45 mkm (JDHjibxp na tojtbko hto 
OTAGJieHHyK) OT 6jT0Ka cjnoA^HyK) noAJio^Ky. TaK^e HcnojitsoBajiH cjiiOflaHbie 
nofljTO^KH, noKpbiTbie yrjiepoflHoii njieHKoii. 

Cop6u,UR (pudpujiJi Ha noeepxHOcmu zudpozejin. 50 mkjt pacxBopa, coAep:acamero 
(|)H6pHjTjTbi (3 mf/mji), HaHOCHjTH Ha npeflMCTHoe cxeKjTO, noKpbiToe rH^porejieM h 
HHKy5HpoBajTH B TeHCHHe 30 MHHyx. He copGHpoBaBinneca arperaxbi CMbiBanH 

npOTOHHOil (|)HJTbTpOBaHHOH fl,HCTHJTJTHpOBaHHOH BOflOH B TeHCHHe 30 CeKyHfl,. SaXCM 

HaHOCHjTH pacTBop, coAep^amHH 250mM HaTpHH-(|)oc(|)aTHbra 6y(|)ep, pH 8.0 h 6 
mkM ThT. HHKy6HpoBajTH noBepxHOCXb rejia c xaKHM pacxBopoM b TeneHHe 30 mhh. 

CMblBajTH npOTOHHOil (|)HJTbTpOBaHHOH AHCTHJTJTHpOBaHHOH BOflOH B TeHCHHe 30 

ceKyHfl,, saxcM cyniHjiH npn KOMHaxHoii xeMnepaxype b xeneHHe 12 nacoB. 
IlepBOHaHajTbHoe npniiejiKBaHHe 30Hfl,a ocymecxBjiajiH no (|)jTyopeci;eHiiHH ThT c 
HcnojibSOBaHHCM (|)jTyopeciieHXHOH npncxaBKH k MHKpocKony. 
06pa6omKa pesyjihmamoe. HsMepenHa napaMexpoB (|)h6phjtjt npoBOflHJiH c 
noMombK) naKexa nporpaMM NT-MDT Nova. 

2.5. Fejib-^HjibTpauHH. 

rejTb-(|)HJTbxpaiiHK) ojTHFOMepoB nenxH^a ocymecxBjiajiH na kojiohkc 1,5x15 cm 
c TOYOPEARL HW-50, ypaBHOBemeHHoii 5y(|)epoM 0.1 M Tris-HCl pH 7.5, 0.1 
NaCl. J\ji^ npeflOXBpamcHHa (|)HKcaiiHH na kojiohkc BbicoKOMOJiCKyjiapHbix 
arperaxoB npo6y npcABapHxejibHO iieHxpH(|)yrHpoBajTH b xeneHHe 10 MHHyx na 
iieHxpH(|)yre «Eppendorf» npn 13400 o6/mhh. CynepnaxaHx HanocHjiH na KOJiOHKy 

npH CKOpOCXH 3JTK)HpOBaHHa 1 MJt/mHH. PeFHCXpailHK) npOBOflHJTH C nOMOIIIbK) 

CHCxcMbi Uvicord (|)HpMbi LKB. KojiOHKa KajinGpoBanacb c noMombio cxaHfl,apxHoro 
Ha6opa 6ejTK0B HSBecxHoii MOJieKyjiapHoii Maccbi. KajinGpoBonHbiii rpa(|)HK cxpoHJiH 
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c HcnojibSOBaHHeM MeTO^a jinneHHOH perpeccnn, peajinsoBaHHoro b naKexe 
nporpaMM SigmaPlot. 

2.6. IIOHCK MOTHBOB B aMHHOKHCJlOTHMX nOCJieaOBaTCJlbHOCTHX. 

UoucK sepKcuihHO-cuMMempuHHhix Momueoe e nocjiedoeamejihHocmnx 
(pudpujiJiozeHHhix nenmudoe. IIohck CHMMexpHHHbix ynacxKOB b 
nocjieflOBaxejiBHOCTH aMHjiOHfloreHHbix nenxHAOB ocymecxBnanH c noMombio 
nporpaMMbi CLUSTAL X (1.83) (Thompson et al., 1997). IIpoBOAHJiH hohck 

FOMOJTOFHH MC^fly aMHHOKHCJTOXHblMH nOCJlCflOBaxejlbHOCXaMH nenxHflOB, 

sanHcaHHbiMH b HanpaBjieHHH N-kohci; - C-kohcii h b o6paxHOM HanpaBjieHHH. 
UoucK sepKajihHO-cuMMempuHHhix Momueoe e nponrnMceHHUx OMUHOKucjiomHux 
nocjiedoeamejihHOcmax. J\ji^ noncKa CHMMexpHHHbix ynacxKOB b npoxa^eHHbix 
nocjieflOBaxejiBHOCxax HcnojibSOBanH opHrHHanbHyio nporpaMMy, HanHcaHHyio na 
asbiKe C. IIporpaMMa paspaGoxana cobmccxho co cxy^enxoM Ka(|)eApbi 6ho(|)H3hkh 
Cn6rny lO. n. rapMacM (rapMan, EropoB, 2005). C noMombK) 3xoh nporpaMMbi 
ocyniecxBjiajTca noncK cooxbcxcxbh^ Me^^y bccmh BOSMO^nbiMH ynacxKaMH b 
nocjieflOBaxejibnocxH, sanncannon b nanpaBjiennn N-Koneii - C-Konei; n ynacxKaMH 
xoH ^e nocjiCAOBaxejibnocxH, sanncannbiMH b o5paxnoM nanpaBjiennn. 

J\jiii conocxaBjienna aMnnoKHCJioxnbix nocjieflOBaxejibnocxen ncnojibsoBajin 
pasGnenne aMnnoKHCJiox na rpynnbi. ^jia noncKa CHMMexpnH Bce aMnnoKHCJioxnbie 
ocxaxKH pasGnBajTH na 4 rpynnbi - sapa^ennbie nojio^nxejibno (H, R, K), 
3apa:acennbie oxpnuaxejibno (E, D), nojiapnbie (Q, N, T, H, R, K, E, D ), 
rHflpo(|)o6nbie (Y,A,L,W,G,I,V). Cnnxajin, hxo nocjie^OBaxejibnocxb CHMMexpnHna 
B cjiynae, Korfl,a nosniinn aMnnoKncjioxnbix ocxaxKOB ns Oflnon rpynnbi b 
nocjieflOBaxejibnocxH, sanncannon b nanpaBjiennn C-N, coBnaAann c nosniin^Mn 
aMnnoKncjioxnbix ocxaxKOB xon ^e rpynnbi b nocjie^OBaxejibnocxn, sanncannon b 
npoxnBonojio^noM nanpaBjiennn. Ox6op nan6ojiee cnMMCxpnnnbix ynacxKOB 
nponsBOflnjin no MaKcnMyMy oxnomenna: «KOJinHecxBO cnMMCxpnnnbix ocxaxKOB b 
yHacxKe»/«AJrana yHacxKa». 
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2.7. MoaejinpoBaHHC npocxpaHCTBeHHoii cxpyKxypw nenxHaoB in silico. 

MoflejTHpoBaHHe npocxpaHCTBeHHoii cxpyKxypbi nenxH^OB ocymecxBjiajiH c 
noMoniBK) opHrHHajibHoii nporpaMMbi, HanHcaHHoii na asbiKe C c HcnojibsoBaHHCM 
nporpaMMHbix naKexoB GROMACS (GROMACS) h SMMP (SMMP). IIporpaMMa 
paspaGoxana cobmccxho co cxy^enxoM Ka(|)eApBi 6ho(|)H3hkh CIIGrny FapiviaeM 
lO.n. (ExopoB H AP-, 2006(6)). B ocHOBy npoxpaMMbi nojio^ena KOHiieniina 
onxHMHsaiiHH no anepxHH c HcnojibsoBaHHCM xenexKHecKHx anxopHXMOB (FA) 
(Damsbo et al., 2004). B ochobc Mexo^a FA jie^nx necKOJibKO ochobkbix 
npHHiinnoB. B KanecxBe nyjieBOxo npnGjiH^enHa ncnojibsyioxca necKOJibKHx 
SHaHHxejibHO oxjTHHaiomHxca KOH(|)opMai;HH («nonyjTaiiHH KOH(|)OpMai;HH» B 
xepMHHax FA). KoH(|)opMaiiHH MOJieKyji cjieflyiomeii nonyjiaiinn (JDopMnpyioxca na 
ocHOBe MHHHMHsnpoBaHHbix HO 3HepxHH KOH(|)opMaiiHH npeABiflymeii nonyjiaiiHH 
(«HacjTeflCXBeHHOCXb»). Bepoaxnocxb nepexo^a KOH(|)opMaiiHH h3 nonyjiaiinn b 
nonyjiauHK) saBHCHx ox ee 3HepxHH: hcm ywohq anepxaa KOH(|)opMaiiHH, xcm Bbime 
BepoaxHOCXb nepexo^a («ox6op»). C(|)opMHpoBaHHaa nonyjiaiina no^Bepxaexca 
HSMeneHHaM («H3MeHHHB0CXb»). nojiyneHHaa nonyjiaiina CHOBa no^Bepxaexca 
onxHMHsaiiHH no anepxHH, h iihkjt noBxopaexca. OcxanoBKa npoi;ecca nponcxoAHx 
npn yMeHbineHHH pasGpoca anepxHH no nonyjiaiinn ^o onpeASJiennoxo, nanepefl, 
saflannoxo ypoBna. 

B cosflannoH naMH na ochobc mcxo^ob MOJieKyjiapnon MexannKH (MM) n 
Mexo^a FA npoxpaMMe nonyjTau,H>i nyjiCBOxo npnGjin^enna renepnpyexca no 
nocjieflOBaxejiBHOCXH aMnnoKHCJiox c noMonibio cjiynanHOxo saflanna yxjiOB cp n v|/ 
npn coeflnnennn aMHHOKHCJioxHbix ocxaxKOB c nsBecxnon npocxpancxBennoH 
cxpyKxypoH (6a3a ^annbix npoxpaMMbi TINKER (TINKER)), ^ajiee npoBO^nxca 
onxHMHsaiina npocxpancxBennoH cxpyKxypbi Bcex npeACxaBHxejien nonyjiaiinn; 
cxpyKxypa onxHMHsnpyexca 6e3 ynexa Bjinanna pacxBopnxejia. OnxHMHsaiina 
npoBOAHxca c noMonibK) npoxpaMMbi GROMACS c naGopoM napaMexpoB OPLS- 
AA. AnajiHsnpyioxca anepxnn nojiynennbix xaKHM o6pa30M KOH(|)opMaiiHH 
MOJieKyji. KpoMe xoxo, c noMombio npoxpaMMbi SMMP Bbinncjiaexca anepxna 
xHfl,paxau,HH. Ilpn ox6ope MOJieKyjibi ^Ji^ (JDopMnpoBanna cjieAyiomen nonyjiau,HH 
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yHHTbiBaexca cyMMa aneprHH BsaHMOflencTBHa MQyKjiy axoMaMH MOJieKyjibi h 
3HeprHH rHApaxaiiHH. BepoaxHOCXb nonaflaHHa MOJieKyjibi b cueflyiomyK) 
nonyjiaiiHK) saBHCHx ox ee aneprHH no saKony: 



E, 

la- 



e 

Pi= i7' 

j 

TjxQ Ei - SHaneHHe aneprHH i-xoii KOH(|)opMaiiHH, paccHHxaHHoii mcxoaom MM, a kT 
jth6o aBjiaexca sa^aBaeMbiM napaMexpoM, jth6o paccnnxbiBaexca fljw Ka^flofi 
renepaitHH no (JDopMyjie: 

TjxQ kTcoef, - sa^aBacMaa Bejinnnna, E^ax h E^m - MaKCHManbHoe n MnnnMajibnoe 

snaHenna aneprnn cpe^H hjichob renepaiinn. 

TaKOH pacnex nosBOJiaex a^anxHBHO Menaxb ^ecxKOCXb ox6opa. 

TaKHM o6pa30M (|)opMHpyexca cjie^yioniaa nonyjiaiina, pasMep Koxopon 
coBnaflaex c pasMepoM nonyjiaiinn nyjiCBoro npnGjin^enna. 3axeM b snaHenna 
BejTHHHH yrjTOB (p H v|/ MOJieKyjT nonyjiaiiHH Bnocnxca HSMenenne. Bepoaxnocxb 
HSMenenna yrjia saBHcnx ox aGcojnoxnon Bejinnnnbi 3xoro HSMenenna no 
SKcnoHeniiHajTbHOMy saKony: 

f{\6\) = ^-"l"! , 

F^e X - saAaBacMbiH napaiviexp. 

C noMoniBK) napaMexpa A. mo^ho peryjinpoBaxb cxenenb cjiyHannoro 
BOSMynienna: nanGojiee BepoaxntiMH aBjiaioxca Manbie HSMenenna yrjiOB, npnneM 
MaxeMaxnnecKoe o^HAanne Bejinnnnbi BOSMynienna cocxaBjiaex \IX. 

B nporpaMMe xaK^e peajinsoBan npou,ecc xaK nasbiBaeMon «peK0M6HHaiiHH», b 
pesyjibxaxe Koxoporo cjiynanHO BbiGnpaioxca fl,Ba npcACxaBHxejia nonyjiaiinn n 
nepBbie k aMHHOKHCJioxHbix ocxaxKOB, pacnojiaraioninxca c N-Koniia nepBoro 
npeflCxaBHxejia, npncoeAHnaxca k (n-k) aMHHOKHCJioxHbix ocxaxKOB c C-Koniia 
BxopoFO npcACxaBHxejia, n naoGopox (n - pasMep nojinnenxn^a b a.o.). ^acxoxa 
«peK0M6HHaiiHH» aBjiaexca xaK^e sa^aBaeMbiM napaMexpoM. C(|)opMHpoBaHHaa 
xaKHM o6pa30M nonyjiaiina cnoBa noflBepraexca onxnivinsaiinn no aneprnn n x.^,. 
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OcxanoBKa npoijecca npoHCxoAHx, Kor^a b necKOJibKHx iiHKjiax noAP^A pasGpoc 

3HeprHH Me^C^y MHHHMaHbHblM H MaKCHMajlbHblM SHaneHHeM 3HeprHH 

KOH(|)opMaiiHH B nonyjiauHH cxanoBHTca MCHbine neKOxoporo nanepefl, saAaHHoro 
HHCJia. IIporpaMMa HanHcana na asbiKe C h Bbinojinaexca uojs, onepauHOHHoii 
CHCxeMoii LINUX. Bee HenojibsoBanHbie nporpaMMbi aBjiaioxea GeenjiaxHbiMH jsji^i 
aKaAeMHHeeKHx nojibsoBaxejieii h naxoflaxea b eBo6oflHOM ^oexyne b eexH 
Hnxepnex. 

2.8. ^OKHHr nenxH^a ID. 

Mbi npoBOflHJTH KOMnbioxepHoe MOASJinpoBaHHe o6pa30BaHHa ojiHxoMepHbix 
KOMnjieKeoB nenxH^a GYDTQTVVNNNGHTDYG (ID) e noMombio nporpaMMbi 
Hex 4.5 (Ritehie, Kemp, 2000; HEX), ocymecxBjiaiomeH aokhhf. Hcxoahmmh 
AaHHbiMH JSJI51 npoi;eAypbi flOKHHxa aBjiaioxca xpexMepnbie cxpyKxypbi 5ejTKa- 
«peiienxopa» h 6ejTKa-«jTHraHfl,a». HporpaMMa Hex 4.5 nosBOJiaex npoBOflHXb 
AOKHHF 6ejTK0B, fl,HaMexp Koxopbix He npeBbimaex 40 anrcxpeM. HepBbiii 3xan 
AOKHHxa - 3X0 BpameHHe h noBopoxbi «pei;enxopa» BOKpyr «jTHraHfl,a» h hohck 
BOSMO^Hbix BsaHMHbix opHeHxaiiHH 3XHX AByx 6ejTK0B. 3axeM H3 nojiyneHKbix na 
3X0H cxaflHH BOSMO^Hbix KOH(|)HrypaiiHH BbiGnpaioxca HanGojiee 3HeprexHHecKH 
BbiFOAHbie. B nporpaMMe Hex 4.5 jsji^i 3xoh uejin ncnojibsyioxca Mexoflbi 
MOJieKyjiapnoii MexanHKH, Ha6op napaMexpoB CHARMM 27. Mbi npoBOflHJiH 
pacnexbi c ynexoM 3JTeKxpocxaxHHecKHx BsaHMOfleiicxBHH Me^^y axoMaMH. TaKoii 
pacnex MOflejinpyex noBeASHne CHCxeMbi npn hhskoh hohhoh CHjie pacxBopa, b 
KOxopoM npoHCxoflHx BsaHMOfleiicxBHe Me^fly MOJieKyjiaMH nenxHfl,a (Ritchie, 
Kemp, 2000). ^okhhf ocym,ecxBjTajTH no cjTeAyK)ffl,eH cxeMe: MOflejinpoBajiH 
BsaHMOAGHCxBHe AByx oGteKxoB (moho- hjth ojTHFOMepoB nenxHfl,a), saxeM 
nojiyneHHyK) cxpyKxypy onxHMHSHpoBajiH no 3HepFHH c ncnojibsoBanneM 
KOMMepnecKOFO naxexa npoxpaMM Hyper Chem 7.01. OnxHMHsnpoBanHyK) 
cxpyKxypy ncnojibsoBajin na cjie^yionieM mare MOASJinpoBanna. Hpn 
ocyniecxBuennn AORnnra mm oGnapy^njin, hxo ojinroMepbi, oGpasoBannbie oahhm h 
xeM ^e KOJTHHecxBOM MOHOMepoB nenxH^^a, mofjth snannxejibHO pasjinnaxbca no 
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cxpyKxype h no aneprHH. TaK, nanpHMep, xexpaMep nenxH^a, oGpasoBanHbiii nyxcM 
nocjieAOBaxejibHOFO AoGaBjienHa MonoMepoB, SHannxejibHO oxjiHHajica ox 
xexpaMepa, oGpasoBanHoro nyxcM oGteAHHCHHa AByx ^HMepoB. ^jia ox6opa 
ojTHFOMepoB, noxeniiHajTbHO cnocoGnbix ynacxBOBaxb bo BsanMOfleiicxBHH, mbi 
npHMenajTH cjieAyiomnii KpHxepnii: ojinroMep HcnojibSOBanca b AaJitHeiimHx 
BbiHHCJieHHax xojibKO B xoM cjiyHac, Korfl,a cyMMapnaa aneprHa cocxaBjiaiomnx ero 
Hacxeii GbiJia Bbime, hcm aneprHa onxHMHSHpoBaHHoro oGpasoBaBineroca 
ojTHFOMepa. TaKHM o6pa30M, mbi HsGeranH noaBjiCHHa 3HeprexHHecKH HeBbiroflHbix 
cxpyKxyp H BbiGnpajTH xojtbko nyxH ojinroMepHsaiiKH, npoxoflamne nepes 
3HeprexHHecKH BbiroflHbie cxa^HH. 

2.9. IIpHroTOBjieHHe npenapaxoB ^nSpHjiji nenxHaoB. 

5 MX nenxHAa (GYDTQAIVENNESTEYG hjth GYDTQTVVNNNGHTDYG) 
pacxBopajTH B 1 MJT fl,HCXHjTjTHpoBaHHOH BOflbi B upoQupKQ xHna «3nneHfl,op(|)» 
oGteMOM 1.5 MJT H HHKy6HpoBajTH 24 Haca npn xeMnepaxype 55°C npn nocxo^HHOM 
nepeMeniHBaHHH . 

2.10. IIpHroxoBjieHHe npo6 jiJia H3MepeHHH ^jiyopecuenuHH KOMnjicKCOB 

06pa3U0B C XHO^JiaBHHOM T. 

HsMepcHHe (JDJiyopeciieHiiHH KOMnjicKCOB xHO(|)jTaBHHa T c (JDnGpHJiJiaMH 
npoBOflHJTH no MOflH(|)HiiHpoBaHHOMy MexoAy (Le Vine, 1993): 20 mkjt pacxBopa 
(|)H6pHjTjT Konuenxpaiinen 3 mkM AoGaBjiajin k 1980 mkjt 6y(|)epa flo KonennbTx 
KonTienxpaunn: 250mM naxpHH-(|)oc(|)axnbTH 5y(|)ep, pH 8.0, 6 micM TnocJDJTaBnn T. 
npo6y xTu,axejTbno nepcMCTUHBajTH, saxeM nnKyGnpoBajTH 15 Mnnyx b xeMnoxe npn 
KOMnaxnoH xeMnepaxype n nepenocnjTH b KBapueByio iciOBexy. PexncxpaTinio 
cneKxpoB (|)jTyopecTienTiHH npoBO^njTH c noMOTu,bio cneKxpo(|)jTyopHMexpa 
AV ANTES AvaSpec-2048 (HcxonnnK CBexa AvaLight-XE, (|)HjTi,xp OC 1-4). 
ITpHMenenne (|)HjTbxpa Gbtjto neo6xoAHMO jsjin ncTOTTOHenna cnxnajTa, 
nocxynaiOTu,eFO na pexncxpHpyiOTiiee ycxponcxBO cneKxpo(|)jTyopHMexpa BCJTeflCXBne 
pacceanna nsjTyHenna. ITponycKanne ^annoxo (|)HjTbxpa b cneKxpajTbnoM ^Hanasone 
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460-600 HM (b6jth3h MaKCHMyMa (|)jTyopeciieHiiHH THO(|)jTaBHHa - 482 hm) paBHO 
HyjTK), B TO BpeMa KaK nponycKaHHe b6jth3h MaKCHMyivia BOsGy^ASHHa ^aHHoro 
KpacHxejia (440 hm) cocxaBjiaex okojto 60%. B KanecxBe HyjieBoii npo6bi 
HcnojibsoBajTH 6ejT0K b pacxBopHMoii (|)opMe b xoii ^e KOHLi,eHxpaLi,HH. 

2.11. 3jieKTpoHHaH MHKpocKonnsi ^nSpHjiji. 

3jTeKxpoHHyK) MHKpocKonHK) npoBOAHJTH Ha 6a3e ry HHH FpHnna PAMH hoa 
pyKOBOflCXBOM K.6.H. CnpoxKHHa A.K. H Ha 6a3e BoxanHHecKoro HncxHxyxa PAH. 
IIoflroxoBKy npenapaxoB jsji^i ajieKxpoHHoii mhkpockohhh ocymecxBjiajiH no 
cxaH^apxHOH mcxoahkc HeraxHBHoro KOHxpacxnpoBaHHa. Kanjiio (20 mkjt) 
HCCJieAysMOFO o6pa3H,a (KOHiienxpaiiHa 0.25 mM) HanocHJiH na njiCHKy Parafilm. Ha 
KanjTK) noMemajTH 200-aHeeHHyK) MCflHyio nofljio^Ky c yrjiepoflHbiM noKpbixneM, 
nocjie 15 c cop6iiHH no^Jio^Ky ^Ba pasa no 15 c oxMbiBann AHCXHUJinpoBanHOH 
BOflOH H KOHxpacxnpoBajTH 1.5% pacxBopoM naxpneBOH cojth (|)oc(|)opHO- 
BOJTb(|)paMOBOH KHCJTOXbi (pH 7.4) B xeHCHHe 15 c. OGpaseii BbicymnBajin npn 
KOMnaxHOH xeMnepaxype, saxeM nponsBOflnjin nccjieflOBanne na ajieKxponnoM 
MHKpocKone JEOL JEM lOOS hjth TESLA BSlOO npn ycKopaionieM nanpa^ennn 
80 kB. 

2.12. H3MepeHHe ^epMeHxaTHBHoii aKXHBHOcxH jiH30UHMa. 

Akxhbhocxb jTHSOiiHMa onpeflCJiajTH B OxflSJie oGnien naxojiOFnn FY HHH3M 
PAMH noA pyKOBOACXBOM k.6.h. M. H. BepjiOBa no Mexo^y (Parry et al., 1965). B 
KanecxBC cy6cxpaxa ncnojibSOBajin npenapaxbi KjiexoHHon cxchkh M. luteus. ^jia 
npoBeflenna peaKiinn roxoBHjiH 0.05% bsbccb cy6cxpaxa b 0.06 M naxpnii- 
(|)0C(|)axH0M 6y(|)epe, pH 6.1, coAep:acanieM 0.075 M NaCl; bsbccb cpasy :ace 
noMeniajTH b jieflanyio Ganio. HccjieAyeMyio npo6y pasBOflnjin b 0.06 M naxpnii- 
(|)0C(|)axH0M 6y(|)epe, pH 6.1, saxeM AoGaBjiajin bsbccb cy6cxpaxa b cooxHoniennn 
1:2, nepeMeniHBajTH n nsMepajin A540. PeaKiiHonnyio cmccb nHKyGnpoBajiH b 
xenenne 20 Mnnyx npn 37°C, nepeMeniHBaa n nponsBO^a nsMepenna A540 Ka^flbie 5 
MHHyx na cneKxpo(|)oxoMexpe BECKMAN DU 50. B KanecxBe Konxpojia na 
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cnoHxaHHbiH JTH3HC cjiy^HJia npo6a, ne coAsp^amaa (JDepMenxa. B 
npeABapHxejibHbix SKcnepHMeHxax naMH GbiJia naiiAeHa onxHMajibHaa 
KOHiieHxpauHa (0.1 mkf/mjt) HCCJieAyeMOFO npenapaxa jiHSOUHMa KypHHoro aHi;a 

2.13. nojiyHCHHe ^nSpHjiji jiH30UHMa h ajib^a-jiaKxajibSyMHHa. 

OnGpHJiJibi jTHSOiiHMa nojiynajTH cjieflyiomHM oGpasoM: 10-28 mf jiHSOiiHMa 
pacxBopajTH B 0.5 MJT fl,HCXHjTjTHpoBaHHOH Bojs,hi, fl,o6aBjTajTH 2M pacxBop NaCl H 1 M 
Gly-HCl 6y(|)ep pH 2.0 ao KOHiienxpaiiHii 0.1 M h 0.5 M cooxBexcxBCHHO. KoHCHHaa 
KOHiieHxpauHa jTHSOiiHMa cocxaBjiajia 5-14 mf/mjt. IIpoGy HHKyGHpoBajiH npn 55 C 
npH nocxo^HHOM nepeMeniHBaHHH b xeneHHe 5 cyxoK. 

OnGpHJiJibi AJI nojiynajTH no cjieflyiomeMy Mexo^y (Goers et al., 2002): pacxBop 
AJI crymajTH c noMombio jthocIdhjibhofo BbicyniHBaHHa ^o KOHueHxpauHH 14 mf/mjt, 
Ao5aBjT5ijTH 2M pacxBop NaCl, 1 M Gly-HCl h IOOmM 3JJJA 5y(|)ep pH 2.0 ao 
KOHLteHxpauHH 0.1 M ,0.5 M h 10 mM cooxBexcxBCHHO. KoHCHHaa KOHueHxpauHa 
jTaKxajTb6yMHHa cocxaBjiajia 7 mf/mjt. IIpoGy iiHKy6iipoBajTii npii xeMnepaxype 55 C 
npH nocxonHHOM nepeMeinHBaHHH b xeneHHe 5 cyxoK. 
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3. PE3yjIbTATbI H OBCy:^AEHHE 
3.1. 3epKajibH0-CHMMeTpHHHbie mothbw b nocjieaoBaxejibHocxjix 
^HSpHjijiorcHHbix nenxH^OB. 

OflHoii H3 sa^an namero HCCJieAOBaHHe aBjiajiocb onpeflCJieHHe aMHjiOHfloreHHbix 
AexepMHHaHT ajTb(|)a-jTaKxajTb6yMHHa HejiOBCKa h jTHSoiiHMa KypHHoro aiiiia. KaK 
y^e roBopHJTOCb b pas^ejie 1.8.3, HH(|)opMaiiHa o pacnojio^eHHH xaKHx ynacxKOB b 
nocjieflOBaxejibHOCXH Gcjikob MO^ex nocjiy^HXb ochoboh jsji^i cosAaHHa nenxH^Hbix 

HHrnGnXOpOB 06pa30BaHHa XOKCHHHblX npe(|)H6pHjTjTapHbix (|)OpM H 

(|)H6pHjTjToreHe3a 3xhx Gcjikob. Mm npoBCJiH noHCK ocoGeHHOCxeii nepBHHHoii 
cxpyKxypbi pafl,a HSBecxHbix (|)H6pHJTJToreHHbix nenxH^OB c Liejibio BbiaBjieHna 
cxoAHbix ocoGeHHOcxeii b nocjieflOBaxejibHocxax AJI h jiHsoiiHMa. 
SepKcuihHO-cuMMempuHHhiu Momue e nocjiedoeamejihuocmu TTR. 
B 3KcnepHMeHxax no HsyneHHio (JDnGpHJiJioxeHesa TTR, BbinojiHenHbix panee b 
Hameii jiaGopaxopHH (CojiOBbCB h aP-, 2006) 6bijT0 noKasano, hxo oxpaHHHeHHbiii 
npoxeojTHS, Beflymnii k yxpaxe C-kohiicboxo (|)paxMeHxa 111-127 npHBO^Hx k 
noxepe AannbiM Gcjikom cnocoGnocxH k (JDnGpHJiJioxeHesy. Fhapojihs nenxHAHoii 
CBasH nocjie 110 a.o. npHBO^Hx k yxpaxe uejiocxHOCxn ynacxKa TTR 105-115. 
HcKyccxBeHHbiii nenxH^,, cooxBexcxByiomnii 3X0My ynacxKy, cnocoGen k 
(|)H6pHJTJTOxeHe3y in vitro (Jaroniec et al., 2002) ITocjieflOBaxejibHOCXb nenxHfl,a 105- 
115 TTR npHBeflena na pncyHKe 3.1 A. ITojio^eHHe cafixa, no KOxopoMy 
npoHCxoflHx oxnienjienne, noKasano SBesflOHKon. Mecxo pacnienjienna nenxHAnon 
CBasH pacnojiaxaexca 6jth3ko k uenxpy (JDnGpHjijioxennoxo nenxHfl,a, noaxoMy mm 
CAGJiajTH npeflnojio^enne o xom, hxo fljia (JDnGpHjijiorenesa Ba^no najinHne ero C- 
KOHu,eBoro (111-115) ynacxKa. OGnapy^ennoH naiviH ocoGennocxbio nepBHHHon 
cxpyKxypbi nenxH^a 105-115 TTR aBjiaexca xo, hxo ynacxoK 105-114 aBjiaexca 

MOXHBOM SepKajlbHOH CHMMCXpHH (pHCyHOK 3. IB). SepKajTbHO-CHMMexpHHHMH 

MOXHB (3CM) npe^cxaBjiaex co6oh (JDparMenx aMnnoKHCJioxnon 
nocjieAOBaxejibHOCXH, coAsp^aninn iienxp CHMMexpnH, na paBHOM paccxoannn ox 
KOxopoFO no nanpaBjienmo k N- n C- Konuy naxoflaxca HAenxHHHbie hjth Gjihskhc 
no cxpyKxype aMnnoKHCJioxbi. Pojib sepKajibHO-CHMMexpHHHbix ynacxKOB bo 
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BsaHMOASHCTBHH GcjiKOB 5biJTa BncpEbie noKasana b pa6oTe IIInaKOBa (IIInaKOB, 
1998). 



105 YTIAAL*LSPYS 115 



B 



TTR_105-115_N-C 105_YTIAA+LLSPYS_115 
TTR 105-115 C-N 115 SYPSLL+AAITY 105 



i :: :: i 

PncyHOK 3.1. A. ITojio^eHHe cafixa rH^pojiHsa b nocjieflOBaxejibHOCXH 
(|)H6pHjTjToreHHoro nenxH^a 105-115. B. Moxhb sepKanbHOH chmmcxphh b nenxH^e 
105-115 TTR SeneHhiM ifeemoM eudejieHhi cuMMempuHHue ynacmKU, codepjicauj.ue 
eudpo<po6Hbie ocmamKU e cuMMempuuHux nosuifunx, JtcejimuM - apoMamunecKue 
ocmamKU. EupjosoeuM ijeemoM omMeneHhi cuMMempuuHwe ocmaniKU - (*) - 
coenadawufue, (:) - odunaKoeue no 3apMdy/eudpo(po6HOcmu, (.) - coenadaioufue no 
nojiHpHOcmu. Shqkom + odosHauen ijenmp cuMJuempuu. ffojiee, ecjiu amo ne osoeopeno 
0C060, ijeemoeue odosHauenuH coxpauHJomcH u dnn noucKa somojiosuu ucno/ibsyemcn 
npospaMMa CLUSTAL X (1.83). 

THflpojiHS nenxHflHOH cb>i3h nocjie 111 a.o. npHBO^Hx k yxpaxe chmmcxphh b 3xom 
(|)parMeHxe. Mbi CASJiajiH npcAnojio^eHHe, hxo hmchho HapymeHHe chmmcxphh bo 
(|)parMeHxe 105-115 ^Bjiaexca kphxhhhbim jxji^ (JDnGpHjijioreHesa TTR (Egorov, 
Solovyov, 2005). Ha pncyHKe 3.2 noKasano pacnojioaceHHe (|)H6pHJTJToreHHoro 
nenxHfl,a 105-115 b npocxpancxBeHHOH cxpyKxype MOHOMepa TTR. 




PncyHOK 3.2. MoHOMep TTR. Tlenmud 105-115 eudeneH cuhum u sejienuM ifeemojvi. 
KpacHhiM ifeemoM odosHaneH ynacmoK 116 - 127. 3decb u da/iee, ecjiu amo ne ozoeopeno 
0C060, cmpyKmypu nojiyneHu U3 dasu dauHux SWISSPROT, eusyanusaifUM c noMOii^hJO 
npoepoMMbi RasMol. 
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JepKOJibHO-cuMMempuHHbiu Momue e nocjiedoeamejihHocmu (pudpujiJiozeHHOzo 
nenmuda U3 JiU30U,UMa (paza T4. HanHHae mothbob sepKajibHoii chmmctphh 
oGnapyaceHO naMH xaK^e h b neKOxopbix Apyrnx ecxecTBeHHbix h CHHxesHpoBaHHbix 
(|)H6pHjTjToreHHbix nenTHfl,ax. TaK, mothbbi sepKanbHoii chmmctphh npHcyxcxByiOT b 
nocjieflOBaxejibHOCTH (|)H6pHJTJToreHHoro nenxH^a (1 1-36) h3 jiHSOitHMa (|)ara T4 (Liu 
et al., 2004). Ha pncyHKe 3.3 npe^cxaBjieH moxhb sepKajibHoii chmmcxphh (11-31), 
npHcyxcxByiomHH b 3xom nenxHfl,e. 

+ 

T4LYZ_N-C 11_|gLRLKIYKDTEGY|i|g^B_31 

T4LYZ_C-N 31_|gIGIIYYGETDKYIKLRLG|_11 

.*: : * :*: * : :*. 

PncyHOK 3.3. Pacnojio^CHHe MOXHBa sepKajibHoii chmmcxphh b 
nocjieflOBaxejiBHOCXH (|)H6pHjTjToreHHoro nenxH^a h3 jiHSOitHMa (|)ara T4. 3decb u 
dajiee KpacnuM u cuhum ijeemoM odosnaneHhi npomueonojiojiCHO sapfu/ceuHbie ocmaniKU 

CUMMempUHHhlX n03U7jUMX. 

Ilenmud KFFEAAAKKFFE. 7t-n-cm3KUHZ u uoHHue esauModeucmeun. 

Ha pHcyHKe 3.4 npe^cxaBjieHa nocjiCAOBaxejibHOCXb nenpHpoAHoro 
(|)H6pHJTJToreHHoro nenxH^a KFFEAAAKKFFE, onHcaHHoro b pa6oxe (Makin et al., 
2005). Mbi oGnapy^HjiH, hxo oh xaK^e coagp^hx sepKajibHO-CHMMexpHHHbiii 

MOXHB. 



ABi_N-c_ |ff|z\aak|ff| 

AB1_C-N_ |ff|kAAA§FF| 



** . ** . ** . 



PncyHOK 3.4. Moxhb sepKajibHoii chmmcxphh b HOCJiCAOBaxejibHOCXH 
(|)H6pHjTjToreHHoro nenxH^a, OHHcanHoro b pa6oxe (Makin et al., 2005). 

HpH anajTHse pacceanna peHxrenoBCKHx jiyHeii na (|)H6pHjTjTax 3xoro HeHXHfl,a 
6biJT0 HOKasano, hxo ochobhmmh BsaHMOfleiicxBHaMH, cxaGnjiHSHpyioniHMH 
cxpyKxypy (|)H6pHJTJTbi, aBjiaioxca BOAopo^Hbie cb^sh Me^^y aHXHnapajTJiejibHbiMH 
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Gexa-xa^aMH, opHeHXHpoBaHHbiMH nepneHAHKyjiapno och (|)H6pHJTJTbi. OxAejibHbie 
naHKH Gexa-xa^eii BsaHMOfleiicxByiox Me^^y co6oh sa cnex tz-tz BsaHMOfleiicxBHH 
Me^fly (JDeHHjiajiaHHHaMH na KOHi;ax nenxHfl,a. ABxopbi npeflnojiaraiox, hxo hmchho 
xaKHe BsaHMOfleiicxBHa ivie^fly Gokobbimh ijenaMH apoMaxHHecKHx 
aMHHOKHCJTOXHbix ocxaxKOB Ba^Hbi JSJI51 (|)opMHpoBaHHa nepeKpeiiieHHbix 6exa- 

CXpyKXyp (|)H6pHJTJT. Pojlb BSaHMOfleilCXBHH MQyKjsy apoMaxHHecKHMH ocxaxKaMH B 
cxa6HjTH3aLi,HH cxpyKxypbi (|)H5pHjTjTbi oxMenaexca xax^e b pa6oxe (Azriel, Gazit, 
2002). TaK^e Gbijio noKasano, hxo b cocxaBe (|)H6pHjTjTbi BsaHMOfleiicxByiox 6oKOBbie 
iienH sapa^eHHbix ocxaxKOB K h E. ITpeflnojiaraexca, hxo xaKHe BsaHMOAeiicxBHa 

npHBOflaX K c6jTH^eHHK) aSOXOB H KHCJTOpOAOB nenXH^HblX CBaSeil MOHOMepOB H 

xaKHM o6pa30M cnoco6cxByK)x oGpasoBaHHio BOflopoAHbix CBaseii Me^^y 
oxfl,ejTbHbiMH 6exa-xa^aMH (Makin et al., 2005). Cxoahbih MexannsM peanHsyexca h 
npH (|)H6pHjTjToreHe3e nojinnenxHAOB, cocxoamnx h3 nepeflyiomHxca rHfl,po(|)o6Hbix 

H Sapa^eHHblX OCXaXKOB, paCnOJlO^eHHblX CHMMexpHHHO OXHOCHXejlbHO HCKOXOpOFO 

iieHxpanbHOFO aMHHOKHCJioxHoro ocxaxKa (Ryadnov et al., 2003; Zhang et al., 1993; 
Luhrs et al, 2005). 

FudpoipodHhie OMUHOKucjiomHue ocmamKu e nocjiedoeamejihHocnmx sepKOJihHO- 
cuMMempuHHbix Momueoe. B pa6oxe (Sedman et al., 2005) onHcan MHHHMajibHbiii 
(|)H6pHjTjToreHHbiH (|)parMeHx aMHjiHHa (SNNFGAILSS). Mbi oGnapy^HjiH, hxo oh 
xaK^e co^ep^Hx sepKajibHO-CHMMexpHHHbiii moxhb, o^naKO ne co^ep^Hx 
sapa^eHHbix ocxaxKOB (pHcynoK 3.5). IIo-BHAHMOMy, b (JDnGpHJiJioreHese xaKoro 
nenxHfl,a nrpaex pojib BsaHMOfleiicxBHe Me»cfl,y rHfl,po(|)o6HbiMH ocxaxKaMH. Pojtb 
nepHOflHHecKOFO pacnojio^eHHa rHfl,po(|)o6Hbix ocxaxKOB h CHMMexpHH hx 
pacnojTO^eHHa b (JDnGpHJiJioreHese (|)parMeHX0B 6exa-aMHjTOHflHoro nenxHfl,a 
o6cy:acAaexca b pa6oxax (Tjemberg et al., 2002;Wang, Hecht, 2002). B pa6oxe 
(Wang, Hecht, 2002) Gbijio noKasano, hxo nepnoAHHecKoe pacnojTo:aceHHe 
rHApo(|)o6Hbix ocxaxKOB b nocjieAOBaxejibHOCXH HCKyccxBeHHoro nojinnenxHAa co 
cxpyKxypoii (rnrnrnrnHHHH)6 (r-rHfl,po(|)o6Hbie ocxaxKH, n - nonapHbie, HHHH - 
5exa-H3rH6) HeoGxo^HMO aji^ ero (JDnGpHJiJioreHesa. AMHHOKHCJioxHaa saMena, 
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Hapymaiomaa nepHOAHHHOCXb nepeAOBaHHa rHApo(|)o6Hbix ocxaxKOB, npHBOAHJia k 
yxpaxe xaKHM nenxH^OM cnocoGnocxH k (|)opMHpoBaHHK) (|)h6phjtjt. 



Iappmin_C-N 53_SNn|'G+AILSS_62 

Iappmin_N-C 62_SSLtA+GFNNS_53 



PncyHOK 3.5. 3epKajTbH0-CHMMexpHHHbiH moxhb b nocjTefl,OBaxejibHOCXH 
(|)H6pHJiJToreHHoro nenxH^a h3 aMHjiHHa. 

^pyxHM npHMepoM ynacxna rHfl,po(|)o6Hbix ocxaxKOB b (|)opMHpoBaHHH (|)h6phjtjt 
aBjiaexca HCKyccxBeHHbiH aMHjTOHAoreHHbiH nenxHfl,, cooxBexcxByiomHii 
KOHcepBaxHBHOMy ynacxKy npHOHHbix Gcjikob MjieKonHxaiomHx AGAAAAGA 
(Gasset et al., 1992). TaKoii nenxH^ cocxohx xojibKO h3 rHApo(|)o6Hbix ocxaxKOB h 
^Bjiaexca nojTHOCXbK) sepKanbHO-CHMMexpHHHbiM (PncyHOK 3.6). 



rP N-C 


AGAA+AAGA 


rP C-N 


AGAA+AAGA 




•kiriri-: Tlnlnlnt 



PncyHOK 3.6. 3epKajTbH0-CHMMexpHHHbiH (|)H6pHjTjToreHHbiH nenxHA, 
cooxBexcxByiomHH KOHcepBaxHBHOMy ynacxKy npnoHOB MjieKonHxaiomnx. 

IIosAHee 5bijT0 noKasano (Norstrom, Mastrianni, 2005), hxo HajiHHHe xaKoro 
CHMMexpHHHOFO rHApo(|)o6Horo ynacxKa b 6ejTKe aBjiaexca Heo6xoAHMbiM jsjin 
HHflyKiiHH (|)H6pHJTJToreHe3a npn sapaaceHHH xoM^HKa npHOHHbiM GejiKOM. 
UojinpHhie OMUHOKucjiomu e cocmaee sepKajihHO-cuMMempuHHUx Momueoe. 
C Apyroii cxopoHbi, H3BecxHa npocxpaHCXBCHHaa cxpyKxypa rHApo(|)HjTbHoro 
(|)H6pHJTJToreHHoro nenxH^a, fomojiofkhhofo (|)paFMeHxy npnoHHOFO 6ejTKa 
Apoacaceii (PncyHOK 3.7) (Nelson et al., 2005). B uenxpe xaKOxo nenxH^a 
pacnojiaraioxca nojiapHbie aMHHOKHCJioxHbie ocxaxKH. Bbijia noKasana pojib 
BsaHMOAeiicxBHa Me»cfl,y aMHHOKHCJioxHbiMH ocxaxKaMH Li,eHxpajTbHoro ynacxKa 
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AaHHoro nenTHfl,a b (|)H6pHjTjToreHe3e. BsaHMOAeiiCTBHa mc^ay aMHHOKHCJioxHbiMH 
ocxaxKaMH, oGycjiOBjiHBaiomHe (|)H6pHjTjToreHe3 axoro nenxHfl,a, cxeMaxHHecKH 
npcACxaBjieHbi na pncyHKe 3.8. ITenxH^, xaK^e coAsp^Hx moxhb sepKajibHoii 

CHMMexpHH. 

+ 

prYeast_N-C_ |nNQQn| 
prYeast_C-N_ |nQQNN| 



* * * 



J 



PncyHOK 3.7. CHMMexpna b (|)H6pHjTjToreHHOM nenxH^e, fomojtofhhhom y^acxKy 
npHOHHOFO 6ejTKa flpoacaceii. 



g|n|q|y gn|q|n| 

* * * * * * 

g|n|q|y gn|q|n| 

* * * * * * 

g|n|q|y gn|q|n| 



PncyHOK 3.8. Cxeivia oGycjiOBjiHBaiomHx (|)H6pHjTjToreHe3 BsaHMOfleiicxBHH 
Me^Ay aMHHOKHCJTOXHbiMH ocxaxKaMH nenxH^a GNNQQNY. MoneKyjiu nenmuda e 
cocmaee (pudpujiji pacnojiasajomcn napanjiejihuo - u npoucxodum esauModeucmeue 
MejKdy doKoeuMU ocmamKOMU, eudeneHHUMU na neeou nacmu pucyuKa. ToKue cmoriKU 
napojiJiejihHO pacnojioj/cennbix MoneKyn cnocoduhi esauModeucmeoeamh maKJ/ce (co 
cdemoM na 1 aMUHOKUCJiomuhiu ocmamoK) jvtej/cdy codoii. B smoM cjiyuae cd/iuj/cenbi 
doKoeue ijenu ocmaniKoe, eudeneHHux nunoeuM ijeemoM na npaeou nacmu pucyuKa. 
SeesdoHKOMU ('^) odosnaneHbi censu Mej/cdy doKoeuMU iferiMMU aMUHOKUCJioniHux 
ocmamKoe (no Nelson et al, 2005). 

nOJlUOMUHOKUCJlOmbl. Heo6xOAHMO OXMeXHXb, HXO MHOFHe nOJTHaMHHOKHCJTOXbl 

xaK^e cnoco6Hbi o6pa30BbiBaxb aHOManbHbie (|)H6pHJTJTbi. TaK, cymecxByiox, no 
KpaiiHeH Mepe, flBa saGojieBanHa, naxoxenes Koxoptix CB^san c oGycjiOBjiHBaiomHMH 

HX BOSHHKHOBeHHe aHOMajTBHblM (|)H6pHJTJTOreHe30M FOMOaMHHOKHCJTOXHblX 

y^acxKOB B nocjiCAOBaxejibHOCxax Gcjikob - 3xo Gojicshb XanxHHFxoHa 
(BOSHHKHOBeHHe HOJTHFjiyxaMHHOBOFO yHacxKa) H OKyjTO(|)apHHFeajTbHaa 

MHOAHCXpO(|)Ha (BOSHHKHOBeHHe HOJTHajiaHHHOBOFO yHaCXKa). KpOMe XOFO, 

chocoGhocxb o6pa30BbiBaxb (|)H6pHjTjTbi in vitro HOKasana jxji^ HOJinjieHUHHa, 
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nojiHrjiyxaMKHOBOH khcjiotbi h nojiHjiHSHHa. ITojiHrjiyTaMHOBaa KHCJioxa h 
nojTHJTHSHH o6pa3yK)T (|)H6pHJTJTbi npH pH, o6ecneHHBaK)meM HeHxpajibHOCTb 
60KOBOH i;enH, ho npn CMeniHBaHHH cnocoGnbi k (JDnGpHJiJioreHesy h npn 
HopMajibHbix ycjTOBHax (Fandrich, Dobson, 2002). 

SaKJiwueHue. TaKHM oGpasoM, no KpaiiHeH Mepe, 6 paccMoxpenHbix 
(|)H6pHJTJToreHHbix nenxH^OB oGjia^aiOT sepKajibHoii CHMMexpHeii. IIpH 3tom b 
npHBefleHHbix npHMepax CHMMexpna oGpasyexca sa cnex nap pasjinnnbix no 

rH;i,p0(|)06H0CTH aMHHOKHCJTOTHblX OCXaXKOB, HTO CBHASTejlbCTByeT O paSJTHHHH 

npnpoflbi BsaHMOAencTBHH, oGycjiOBjinBaioninx naHajibnbie axanbi (JDnGpHjijiorenesa. 
npHBeflennbie Bbime Aannbie npHBCJin nac k rnnoxese o pojin sepKanbno- 
CHMMeTpHHHbix MOTHBOB B (|)H5pHjTjToreHe3e HCKOTopbix GcjiKOB H nenxH^OB 
(EropoB, 2005 b). IIoaTOMy jsji^i Bbinojinenna saflann noncKa aMnjiOHAorennbix 
AexepMnnanT ajTb(|)a-jTaKTajTb6yMHHa n jinsoiiHMa mbi npoBCJin noncK sepKajibnon 

CHMMexpHH B aMHHOKHCJTOTHblX HOCJieflOBaxejlbHOCXaX 3THX GCJIKOB. 

3.2.npeacKa3aHHe ^nSpHjijioreHHOH aexepMHHaHTbi HHcyjinna. 

Mbi cos^aJiH KOMHbiOTepHyK) nporpaMMy jsji^i noncKa mothbob sepKanbnoH 

CHMMexpHH B HpOTa^eHHblX aMHHOKHCJTOTHblX HOCJTeflOBaxejTbHOCXaX (Cm. paS^SJT 

2.6) H npoBCJTH xaKOH noHCK B HOCJTeflOBaxejTbHOCxax 6ejTK0B H nenxH;i,OB c 
nensBecxHbTMH (|)H6pHjTjToreHHbTMH flexepMHnaHxaMH. 

ITpn anajTHse nepBHHHoii cxpyKxypm nncyjTHna naMH 6bTjT oGnapy^en 

MaKCHMajTbHO CHMMexpHHHbTH HCHXHA (10-16) B TICHH B 3X0X0 GcjTKa (ExOpOB, 

2005(6, B, x)). CxpyKxypa n pacHOJTO^enne xaKOxo MOXHBa b npocxpaHCXBCHHOH 
cxpyKxype nncyjTHna npcACxaBjTena na pncynKC 3.9. Bn^no, hxo cnocoGnbie k tt-tt 
BsanMOflencxBHio aMnnoKHCJTOxnbTe ocxaxKH naxo^axca cnapy^n xjTo6yjTbT. 
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INS N-C 


10 HLVEALY 16 


INS C-N 


16 YLAEVLH 10 



■ -^ -^ -k ■ 




PncyHOK 3.9. CxpyKxypa h pacnojio^CHHe sepKajibHO-CHMMexpHHHoro MOXHBa (10- 
16 a.o.) B Li,enH B HHcyjiHHa. 

IIosAHee B pa6oxe (Gibson, Murphy, 2006) 6huio noKasano, hxo flaHHbiii 
(|)parMeHx aBjiaexca (|)H6pHJTJToreHHOH AexepMHHaHxoii HHcyjiHHa. Ha ocHOBaHHH 
3XHX flaHHbix aBxopaMH 6biJT cos^aH nenxHAHbiH hhfhGhxop (|)H6pHjTjToreHe3a, 
npeACxaBjiaiomHH co6oh xaKoii nenxH^, c AoGaBjieHHCM 5 apxHHHHOBbix ocxaxKOB c 
N-KOHiia (Cm. pas^eji 1.8). 

3.3.0npeaejieHHe noTCHUHajibHbix aMHjiOHaorcHHwx aexepMHHaHx b 

nocjieaoBaxejibHocxH ajib^a-jiaKxajibSyMHHa. 

Momue sepKcuihHoii cuMMempuu e noaiedoeamejihHocmu ajih^a- 

jiaKmojihdyMUHa. 

Mbi npoBCJiH noHCK sepKanbHO-CHMMexpHHHbix MOXHBOB B nocjiCAOBaxejibHOCxax 
ajTb(|)a-jTaKxajTb6yMHHa HejiOBCKa. Ha pncyHKe 3.10 npHBCflen HanGojiee 
CHMMexpHHHbiH yHacxoK B nocjieflOBaxejiBHOcxH ajTb(|)a-jTaKxajTb6yMHHa. 
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LALB (C-N) 35 |yDTQAIVENNESTEYG 51 

LALB (N-C) 51 IyETSENNEVIAQTDYG 35 



PncyHOK 3.10. HanGojiee CHMMexpHHHbiH ynacxoK b nocjieflOBaxejibHOCXH ajib(|)a- 
jTaKxajib6yMHHa HejiOBCKa. 



Ha pHcyHKe 3.11 noKasano pacnojio^CHHe xaKoro ynacxKa b npocxpancxBeHHOH 
cxpyKxype 3xoro 6ejTKa. Bh^ho, hxo ynacxoK 35-51 a.o. HaxoflHxca na noBepxHOCXH 
rjTo6yjTbi AJI, hxo CBH^exejibCXByex o HanHHHH noxeHiiHanbHOH bosmo^chocxh 
ynacxHa xaKoro nenxHfl,a bo BsaHMOfleficxBHax, oGycjiOBjiHBaiomHx (|)H6pHjTjToreHe3, 
^ayKQ npH nenojiHOH fl,eHaxypaLi,HH JIA. 




PncyHOK 3.11. Pacnojio^CHHe CHMMexpHHHoro ynacxKa b npocxpaHCXBeHHoii 
cxpyKxype ajTb(|)a-jTaKxajTb6yMHHa (Bbi^ejieHO KpacHbiM iiBexoM). 

Jlii^ HsyneHHa (|)H6pHjTjToreHHbix cbohcxb ynacxKa 35-51 JIA HejiOBCKa xaKoii 
nenxHfl, 6biJT CHHxesHpoBan, h Gbijih HsyneHbi ero (|)H6pHjTjToreHHbie CBoficxBa. 
0u6pujiJiozeHe3 nenmuda 35-51 JIA. Upn ajieKxpoHHoii MHKpocKonHH nenxH^a, 
HAeHXHHHOFO ynacxKy 35-51 (GYDTQAIVENNESTEYG, jxaiiQQ - nenxH^ WT) JIA 
HCJiOBCKa, HHKyGHpoBaBineroca b ycjiOBHax jsjik (|)H6pHJTJToreHe3a b ycjiOBHax JIA 
Ha6jTK)AaiiH copGnpoBaBniHeca na noAJioacKe (JDHjiaMenxbi xojtiu,hhoh okojto 10 hm 
(pHcyHOK 3.12). 
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PncyHOK 3.12. Pesyjibxaxbi ajieKxpoHHoii MHKpocKonHH (|)h6phjtjt nenxH^a WT. 

TIpHMoysonhHUK e neeoM ysny coomeemcmeyem I mkm. HadiiJodajomcH kgk omdejihHue 
(pudpujijibi, maK u nyuKU (pudpujiji. 

Onbixbi no HSMepeHHK) (|)jTK)opecLi,eHLi,HH ThT noKasanH, hxo xaxHe (|)H6pHJTJTbi 
cnoco6Hbi yBejTHHHBaxb KBanxoBbifi bbixoa (|)jTyopeciieHiiHH 3xoro KpacHxejia, hxo 
aBjiaexca CBoiicxBOM, xapaKxepnbiM HMeHHO fljia aHOManbHbix (|)h6phjtjt. JIshiqq 
6biJTa npoBCAGHa CKannpyiomaa aoH^OBaa MHRpocKonna o6pa3Li,OB, 
copGnpoBaBinHxca na noBepxHOCXH cjtioam, noKpbixoii cjioeM yrjiepofla (pHcynoK 
3.13). YrjiepoAHoe noKpbixne 6biJT0 Heo6xoflHMO jsjik HSMeneHHa cop6iiHOHHbix 
CBOHCXB noBepxHOCXH, xaK KaK B npeABapHxejTBHbix onbixax 6biJio noKasano, hxo 
noBepxHOCXb xojibKO hxo oxmenjieHHoii ox 6jT0Ka cjiiOAbi copGnpyex 
npeHMymecxBCHHO Kpynnbie arperaxbi, hxo ^ejiaex HCBOSMO^HbiM HaGjnoASHHe 
npoxo(|)HJTaMeHxoB h ox^ejibKbix (|)h6phjtjt. 




PncyHOK 3.13. Pesyjibxaxbi ACM (|)h6phjtjt nenxH^a WT, copGnpoBaBinHxca na 
noBepxHOCXH cjiiOAbi, noKpbixoii yrjiepoAHoii njieHKoii none 7*7 mkm. Tojiufuna 
npomo(pujiaMeHmoe okojio 10 hm. HadnjodajomcH nyuKU npomocpunaMeHmoe. 
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HndyKU^UR (pudpujiJiozenesa. ^oGaBjieHne (|)h6phjtjt nenxH^a WT k pacxBopy AJI 
HejiOBCKa B ycjTOBHax AJi^ (|)H6pHjTjToreHe3a npHBOflHjio k noaBjieHHio (|)h6phjtjt AJI 
Hepes cyxKH nocjie Hanajia HHKy6aiiHH. B xo »ce Bpeivia jxji^ o6pa30BaHHa (|)h6phjtjt 
AJI B oxcyxcxBHe nenxH^a oGbihho xpeGoBanocb Gojiee nexbipex cyxoK. 3xo 
CBH^exejibCXByex o npncyxcxBHH b nocjieflOBaxejibHOCXH nenxHfl,a WT 

(|)H6pHJTJT0reHH0H ASXepMHHaHXbl AJI. 

Conocmaejienue c duHHUMU Jiumepamypbi. Hs jinxepaxypHbix flaHHtix HSBecxHO, 
Hxo yxpaxa (|)parMeHxa AJI 43-60 a.o. npn orpaHHHeHHOM npoxeojiHse 3xoro 6ejTKa, 
He npenaxcxByex ero (|)H6pHjTjToreHe3y (Laureto et al., 2005). yxpanHBaeMbiii 
(|)parMeHx coflepacHx Gojibinoii ynacxoK (|)parMeHxa AJI, fomojiofkhhofo nenxH^y 
WT (43-51 a.o.). Ha pncyHKe 3.14 npeflCxaBjieno pacnojio^CHHe CHMMexpHHHoro 
ynacxKa b nocjiCAOBaxejibHOCXH Gexa-AOMena ajTb(|)a-jTaKxajTb6yMHHa. 



29_TMFHTSBT)TQA1 VLNNLS 1 E BlFQISNKLW_60 
29_TMFHTSGYDTQ^^^^^^^^^HnKLW_60 

PncyHOK 3.14. Bexa-AOMCH ajTb(|)a-jTaKxajTb6yMHHa HejiOBCKa. KpacnuM ijeemoM 
odosHanen cuMMempuHHuu ynacmoK, cuhum - ynacmoK, euu^enjieHue Komopoeo ne 
npennmcmeyem (pudpujijioeenesy jiaKmojihdyMUHa. 

ConocxaBjiCHHe 3xhx (|)aKX0B nosBOJiHjio c^eJiaxb npcAnojio^eHHe o HajiHHHH b 
nocjieflOBaxejiBHOcxH AJI HejiOBCKa Gojiee, hcm oahoh (|)H6pHjTjToreHHOH 

ASXepMHHaHXbl. 

3.4. Co3aaHHe nenxn^ia na ochobc nepBHHHOH cxpyKxypw CHMMexpHHHoro 
ynacxKa Sexa-aoMena ajib^a-jiaKxajibSyMHHa. 

J\ji^ HsyHCHHa pojTH CHMMexpHHHbix (|)paFMeHX0B B (|)H6pHjTjTOFeHe3e ncnxH^a WT H 
AJI 6bijT CHHxesHpoBaH nenxHA, GYDTQTVVNNNGHTDYG, oGjiaAaiomHii 
sepKajibHOH CHMMexpHCH H FOMOJiOFHHHbiii nenxHfl,y WT (pHcynoK 3.15). 
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id gydtqIvvnnnMtdyg 

lalb GYDTQ§IVENnJtEYG 

***** .*.** *.** 



B 



id_C-N GYDTQTVVNNNGHTDYG 

id_N-C GYDTHGNNNVVTQTDYG 

**** * **** 



PncyHOK 3.15. (A) BbipaBHHBaHHe nocjieAOBaxejibHOCTeii y^acxKa 35-51 JIA h 
nenTHfl,a. KpacnuM ifeemoM omMeueHu saMeneHHue omjiuuaioufuecM no nojinpHOcmu 
ajviUHOKUCJionibi, seneHUM - saMeueuHbie na cxodnue no nonnpHOcmu. 
(B) SepKanbHO-CHMMeTpHHHbiii mothb b nenTH^e ID. 

nocjieAOBaxejibHOCTb nenTH^a GYDTQTVVNNNGHTDYG (Aanee - nenxH^ ID) 
OTjTHHaexca inecTbK) aMHHOKHCJioxHbiMH ocxaxKaMH OT cooTBCTCTByiomero ynacTKa 
nocjieflOBaxejibHOCTH ajTb(|)a-jTaKTajTb6yMHHa HejiOBCKa, npaneM saMCHbi a.o. c 

CymeCTBCHHO OTJTHHaK)m,HMHCa CBOHCTBaMH npOBeASHbl B IieHXpajlbHOH erO HaCTH. 

ITenTHfl, ID coxpanaex N- h C-KOHiieBbie CHMMexpHHHbie ynacxKH jiaKTajibGyMHHa 
HejiOBCKa, HO npH 3tom coflepacHT saMCHy cepHHa 13 na nojioacHxejibHO sapaaceHHbiii 
THCTHAHH, rHApo(|)o6Horo ajiaHHHa 6 na nojiapHbiii xpeoHHH h nojiapHoii 
rjiyxaMKHOBOH khcjiotm 12 na rHApo(|)o6HbiH rjTHLi,HH, hto, b cjiynae 

npHHafljie^cHOCTH iieHxpanbHoro (|)parMeHTa k nocjieflOBaxejibHOCXH 
aMHjTOHAoreHHoro AexepMHHaHxa aoji^ho npHBecxH k HecnocoGnocxH xaKoro 
nenxH^a k (JDnGpHJiJioreHesy. 

B KanecxBe nepBoro 3xana npoBepKH HajiHHHa noxeHiiHajibHoii cnocoGnocxH 
xaKOFO nenxH^a k (|)H6pHjTjToreHe3y mm npoBCJiH KOMnbioxepHoe MOASJinpoBaHHe 
ero npocxpancxBeHHOH cxpyKxypbi. 

Modejiupoeanue npocmpaHcmeeHHOu cmpyKmypu nenmuda ID in silico. B 
Hacxoamee BpeMa ne cymecxByex KaKoro-jTH6o yHHBepcajibHoro no^xoAa jxji^ 
KOMnbioxepHOFO MOflejTHpoBaHHa npocxpancxBeHHOH cxpyKxypbi hchxh^ob h 
6ejTK0B. Pesyjibxaxbi, nojiynaioniHeca c HCHOJibsoBanneM pasjiHHHbix nporpaMM, 
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ocymecTBjiaiomHx onTHMHsaitHK) cxpyKxypbi nojinnenxHAa no aneprHH, o6biHHO 

SHaHHXejlbHO OTJTHHaiOTCa. 

^jia MOflejTHpoBaHHa npocxpaHCTBeHHOH cxpyKxypbi in silico mbi HcnojibSOBanH 
opHrHHanbHyK) nporpaMMy, HcnojitsyiomyK) Mexoflbi MOJieKyjiapHoii MexanHKH h 
KOHLi,enLi,HK) reneTHHecKHx ajiropHXMOB (EropoB h AP-, 2006(6)). TaKoii Bbi6op 6biJT 

06yCJT0BJTeH neCKOJlbKHMH npHHHHaMH: 

1. HcnojibSOBaHHe MeTO^a reneTHHecKHx anropHTMOB nosBOJiaex peniHTb 
npoGjiCMy «HyjTeBoro npH6jTH»ceHHa», to ecxb npn HcnojibSOBanHH Hameii 
nporpaMMbi KOH(|)opMaLi,Ha, nojiynaiomaaca nocjie onTHMHsaitHH, ne saBHCHx ox 
KOH(|)opMaiiHH, saAaHHOH B KanecxBC HaHajibHoii. 

2. CosAaHHaa HaMH nporpaMMa nosBOJiajia onxHMHSHpoBaxb npocxpaHCXBeHHyio 
cxpyKxypy nenxH^a c ynexoM aneprHH FHApaxaitHH. 

3. CpaBHCHHe SHaneHHa aneprHH, BbiHHCJieHHbix ^jia cxpyKxyp, 
onxHMHSHpoBaHHbix c noMOiiibK) Hameii nporpaMMbi n c noMonibio necKOJibKHx 
KOMMepnecKHx naKexoB nporpaMM noKasajio, hxo nojiynennaa c noMom,bK) namen 
nporpaMMbi cxpyKxypa HMeex MnnnMajibnyio aneprnio. 

B pesyjibxaxe MOASJinpoBanna mm nojiynnjin cxpyKxypy nenxn^a, o6jiaAaioiii,yio 

MHHHMajIbHOH 3HeprHeH H MHHHMajIbHOH rHAp0(|)06H0H nOBCpXHOCXblO. 

HsoGpaacenne xaKon cxpyKxypbi npe^cxaBjieno na pncynKe 3.16. 



VAL7 GLNB 




PncyHOK 3.16. CxpyKxypa MonoMcpa nenxn^a, nojiynennaa b pesyjibxaxe 
onxHMHsaiiHH no aneprnn. OcmaniKU 1-4 odosHaueHu KpacnuM ifeemoM, ocmamKU 14- 
1 7 odosnaneHhi cuhum ifeemoM. 
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ModejiupoeuHue o6pa3oeaHUR (pudpujiJi nenmuda ID in silico. IIpH 
BsaHMOAeiicTBHH 6ejTK0B cymecTByex Gojibinoe hhcjto (|)aKTopoB, BjiHaiomnx na 3tot 
npoiiecc, npHHCM HCKOxopbie (|)aKTopbi, ocxaiomHeca sa paMKaMH HcnojibsyeMoii 
MOflejTH, Moryx nrpaxb onpeflCJiaiomyK) pojib. IIoaxoMy BaacHO oxMexHXb, hxo, 
HecMoxpa Ha AOCxoHHCxBa MexoAOB MOASJiHpoBaHHa BsaHMOAeiicxBHH in silico, 
AaHHbie, nojiyHeHHbie npn npoBefleHHH xaKHx SKcnepHMenxoB, Bcerfl,a cjie^yex 
HcnojibSOBaxb xojtbko b KanecxBe hcxoahbix npeflnojio^eHHH npn njiaHHpoBaHHH 
3KcnepHMeHX0B in vitro (Villoutreix, 2001). 

HeKOxopbie KOH(|)opMaiiHH nenxH^a ID, nojiyHeHHbie b npoitecce 
MOflejTHpoBaHHa, in silico Gbijih cnoco6Hbi k o6pa30BaHHK) (|)H6pHJTJTonoAo6Hbix 
arperaxoB. IIpH 3xom 3HeprexHHecKH BbiroflHbiM aBjiajiocb BsaHMOAeiicxBHe Me^^y 
AHMepaMH nenxH^OB (pHcynoK 3.17), npHBOfl^mee k o6pa30BaHHK) xexpaMepoB. 
(pHcyHOK 3.18). IIpH fl,ajTbHeHmeH ojiHxoMepHsaiiHH sjieMeHxapHbiMH cxpyKxypaMH, 
ynacxByiomHMH b (|)opMHpoBaHHH (|)H6pHJTJTbi, aBji^jTHCb OKxa- H 16-Mepbi nenxHfl,a. 
(EropoB H Ap., 2006(6)). 




PncyHOK 3.17. KoMntioxepHoe MOAGJinpoBaHHa o5pa30BaHHa ^.HMepa nenxH^a. 

OcmaniKU 1-4 odosHaneHw Kpacuhtu ijeemoM, ocmantKU 14-17 odosHaneHhi cuhum 
ijeemoM. BsauModeucmeyjom yuacniKU 14-17 nepeou u emopou MOJieKyjiu. 
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PncyHOK 3.18. KoMnbioxepHoe MOASJinpoBaHHa oGpasoBaHHa xexpaMcpa nenTHfl,a. 

BsauModeucmeyjom ocmamKU 1-4 u 14-17 pasnux dujuepoe. 

Cjie^yiomHMH 3HepreTHHecKH BbiroAHbiMH inaraMH ojiHroMepHsaiiHH aBjiajioct 
o6pa30BaHHe 8-, 16-MepoB nenxH^a (pHcynoK 3.19A). Ha cxaAHH 16-Mepa Gojibinaa 
Hacxb rHApo(|)o6Hbix ocxaxKOB OKasbiBanacb BHyxpn rjioGyjibi. 16 -Mepbi Gbijih 

CnOC06HbI K BSaHMOASHCXBHIO MeaCfly C060H 3a CHeX rHfl,p0(|)06HbIX KOHXaKXOB 

MQTKjsy ocxaxKaMH V7 h V8, Gokobbic iienn Koxoptix OKasbiBaioxca cnapy^H 16- 
Mepa (pHcyHOK 3.19B). TaKHM o6pa30M 16-Mepbi cnoco6Hbi oGteflKHaxbca c 
o6pa30BaHHeM jTHHeHHoii cxpyKxypbi xojimHHoii okojto 7 hm. 

A B 




PncyHOK 3.19. A. KoMnbioxepHoe MOASJinpoBaHHa o6pa30BaHHa 16-Mepa nenxH^a. 
OcmamKU 1-4 u 14-17 odosHaueHu KpacHUM u cuhum ijeemoM coomeemcmeeuHO. 
B. rHfl,po(|)o6Hbie ocxaxKH na noBepxHOCXH 16-Mepa. Fudpocpujibubie ocmamKu 
ebidejieubi KpacnuM, eudpo(po6Hbie - cuhum ijeemoM. 
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CpaBHCHHe 3HeprHH BsanMOfleiiCTBHa ojinroMepoB, nojiyHeHHbix b pesyjibxaxe 
AOKHHra, noKasajTO, hto HanGojiee cxaGHJibHbiMH aBjiaioxca xexpa- h OKxaMepbi 
nenxHfl,a. TaKHM oGpasoM, b pesyjibxaxe KOMnbioxepHoro MOflejinpoBaHHa 
(|)H6pHJTJToreHe3a nenxHfl,a ID mm nojiyHHjiH cjieflyiomHe pesyjibxaxbi: 

1. IlenxHfl, cnoco6eH oGpasoBbiBaxb (|)H5pHJTJTapHbie cxpyKxypbi xojimHHoii 

OKOJTO 7 HM 

2. BsaHMOAGHCXBHa MQyKjsy C-KOHiieBbiMH ynacxKaMH MOJieKyji nenxHfl,a 

aBJiaiOXCa KpHXHHHblMH flJl^ 06pa30BaHHa ^HMCpOB 

3 . BsaHMOfleiicxBHa Me^^y CHMMexpHHHbiMH N- H C- KOHLieBbiMH ynacxKaMH 
MOJieKyjT nenxHfl,a aBjiaioxca KpnxHHHbiMH jsji^i o6pa30BaHHa xexpaMepoB 

4. HanGojiee cxaGnjibKbiMH ojinroMepaMH aBjiaioxca xexpaMepbi nenxH^a. 

5. HanGojiee 3HeprexHHecKH BbiroAHoii nocjiCAOBaxejibHOCXbio co5bixHH npn 
(|)H6pHJTJToreHe3e nenxHfl,a aBjiaexca nocjieflOBaxejibHoe oGpasoBaHHe ah-, 
xexpa-, OKxa- h 16 MepoB. 16- Mepbi nenxHfl,a cnoco6Hbi 
BsaHMOfleiicxBOBaxb, b ochobhom, sa cnex rHfl,po(|)o6Hbix BsaHMOAeiicxBHH. 

0u6pujiJiozeHe3 nenmuda ID .IIpH ajieKxpoHHoii MHKpocKonHH nenxH^a, 
HHKy6HpoBaBmeroca b xeneHHe cyxoK b ycjiOBHax ^Ji^ (JDnGpHJiJioreHesa, 6bijT0 
BbMBjieHO, Hxo Ha yrjiepoflHoii nofljio^Ke copGnpoBajiHCb npoxo(|)HJTaMeHXbi 

X0JTII1,HH0H OKOJTO 10 HM (pHCyHOK 3.20). 




PncyHOK 3.20. Pesyjibxaxbi ajieKxpoHHoii mhkpockohhh o6pa3H,OB, coflep^amnx 
nenxHfl, ID Eenuu npwuoysojihuuK e npaeojvt ye/iy coomeemcmeyem 200hm. 
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TaK^e Mbi npoBCJiH ACM o6pa3Li,OB, coflep^amnx (|)H6pHJTJTbi nenxH^a ID. ^jia 
yBejTHHeHHa paspemeHHa MeTO^a npn noflroxoBKe npo6 jsji^i ACM copGitHa 
o6pa3iiOB npoBOflHjiacb ne na cjnoflaHoii noAJioacKe, a na noBepxHOCXH Tnjsporeji^. B 
pesyjibxaxe 3xoro SKcnepHMenxa mbi BbiaBHjiH, hxo na noBepxHOCXH xHAporejia 
copGnpoBajTHCb cflBoeHHbie npoxo(|)HjTaMeHXbi nenxHfl,a xojTmHHoii okojto 10 hm 
(pHcyHOK3.21). 




lUU iUi 



PncyHOK 3.21. AxoMHaa CHjiOBaa MHRpocKonna (|)h6phjtjt, copGnpoBaBinHxca na 
noBepxHOCXH rvijipoTQji^. A, C - cdeoeuHue npomo<pujiajvteHmbi, B - odunapHuu 
npomo(pujiaMeHm. IJojie 1*1 mkm. 

Ha6jTK)AaeMaa xojimHHa npoxo(|)HJTaMeHxoB coBnana c xojimHHOH 
(|)H6pHjTjTapHbix cxpyKxyp, o6pa30BaHHe Koxoptix Gbijto npeACKasano b 
SKcnepHMCHxax in silico. 

B AajiBHeiiinHx SKcnepHMCHxax no HsyneHHio xohkoh cxpyKxypbi (|)h6phjtjt mbi 
npoBejTH npeABapHxejiBHyio (|)HJTbxpaiiHK) o6pa3iiOB pacxBopa, coAsp^amero 
(|)H6pHJTJTbi, Hepes 6aKxepHajTbHbiH (|)HjTbxp c pasMepaMH nop 0.45 mkm h nanecjin 
(|)HjTbxpoBaHHbiH pacxBop Ha noBepxHOCXb cjTK)ABi. Pesyjibxaxbi axoMnon chjtoboh 
MHKpocKonHH xaKHx oGpasijOB npeflCxaBjienbi na pncynKe 3.22. 
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A 




B 




PncyHOK 3.22. AxoMHaa CHJiOBaa MHRpocKonna oGpasijOB nenxH^a ID nocjie 
(|)HJTbTpaLi,HH. Ha nanejiuA - <pu6pujuibi mojiufUHoii okojio 30 hm (yKasano cmpenouKaMU ). 
none - S'^S MK.M. Ha nanenu B - npomo(pu6pujiJihi mojiuj.UHOU okojio 10 hm (yeenunenHhiu 
ynacmoK noeepxHOcmu juej/cdy (pudpujijiauu na nanenu A, yKasano cmpenoMKauu) Hone - 
I^Imkm.. 



IIoMHMO pasBexBjieHHbix (|)H6pHJTJT TOJimHHOH OKOJIO 30 HM iia6juojs,?Ljm xaK^e 
iieHxpbi pocxa (|)h6phjtjt (pHcynoK 3.23). IIo-BHAHMOMy, xaKHe iienxpti, HMeiomHe 
AHaMexp nopa^Ka 0.2 mkm nponijiH ^lepes GaKxepHanbHbiH (|)HjTbxp BMecxe c 

paCXyiU,HMH H3 HHX (|)H6pHJTJTaMH. 
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MA M 



PncyHOK 3.23. LJeHxpti o6pa30BaHHa (|)h6phjiji (A) h pacxymne h3 hhx (|)H6pHjTjibi 

(B) IJojie - S'^S MKM. 

TaKHM o6pa30M, BbimeonHcaHHbie SKcnepHMeHXbi nosBOJiHjiH CASJiaxb bbiboa 
OTHOCHxejibHO nocjieAOBaxejiBHOCTH coGbithh, npoHCxoflamnx b npoiiecce 
o6pa30BaHHa (|)h6phjtjt nenTHfl,a. IIo-BHAHMOMy, nepBOHaHanbHbiM axanoM 
(|)H6pHJTJToreHe3a aBjiaexca o6pa30BaHHe npoTO(|)H6pHJTJT TOJimnHoii okojto 10 hm 
(pHC. 3.20, 3.22B). Saxeivi xaKne npoTO(|)H6pHjTjTbi o6pa3yK)T CABoeHHbie cxpyKxypbi 
(pHC. 3.21), cnoco6Hbie k AaJitHeiiineMy npHCoeflHHeHHio npoTO(|)H6pHjTjT (pnc. 
3.22A). HaHanbHbiM axanoM pocxa (|)h6phjijt aBjiaexca, no-BHfl,HMOMy, o6pa30BaHHe 
LtenxpoB pocxa (|)h6phjtjt (pHcynoK 3.23). 
ycmouHueue k SDS ojiuzomepu e cocmaee (pudpujiJi nenmuda ID. ^jia 

Bbl^BJieHHa OJTHFOMepOB, aBJT^IOmHXCa SJieMeHXapHblMH CXpyKXypHblMH eflHHHLl,aMH 

(|)H6pHjTjT, 6biJT npoBeASH ASHaxypHpyiomHH 3JTeKxpo(|)ope3 npo6, coAep»caiu,Hx 
(|)H6pHjTjTbi nenxH^a. HaGjnoflanHCb Ma^opHbie 30Hbi, cooxBCxcxByiomHe no 
3JTeKxpo(|)opexHHecKOH noflBH^HOCXH 7-7.5 K^a (pHcynoK 3.24). KpoMe xoro, 
Ha6jTK)flajTHCb MHHopHbie 30Hbi, cooxBCxcxByiomHe 6ojTbmeMy MOJieKyjiapnoMy 
Becy. IIojTO^eHHe mhhophbix 30h BaptHpoBano b 3aBHCHM0CXH ox cpoKa 
(|)H6pHJTJToreHe3a. 



74 



1 

ii 


2 


3 

I 


gm 


1 


Pii 


I 
=1 


87000 Da 


I 


66000 Da 




80000 Da 
61000 Da 


■ 


45000 Da- 






1 


24000 Da 




^ 


■ 


20000 Da 




■ 


^^■14200 Da 




^ 


^^L«500 Da 




7000 Da 



PncyHOK 3.24. 3jieKTpo(|)opeTHHecKoe pasACJieHHe KOMnoHenxoB (|)H6pmiJi nenxH^a b 

npHcyxcTBHH SDS. Ha dopoj/CKe 1 - KOMMepuecKUU MapKep SIGAdA,. 

MojieKyjinpHhie mgccu, coomeemcmeyiou{.ue sohom ho dopocncKe 3, ehmucneHu c noMOU^bio 

npozpaMMhi Total Labl20. Ohu coomeemcmeyjom mempajvtepajvt, 32, 40- u 47-MepaM 

nenmuda. 



HnxepeceH xox (|)aKx, hxo b cjiynae, Korfl,a npeflBapHxejibHoro KHnaHCHHa npo6bi b 
SDS He npoHSBOflHjTOCb, naGjiiOflajTOCb yMenbineHHe HHxeHCHBHOCXH sohbi, 
cooxBexcxByiomeii xexpaMepaM. 3xo CBHASxejibCXByex b nojibsy xoro, hxo SDS 
cnoco6cxByex AHCCOiinaiiHH (|)h6phjtjt, oGpasoBaHHbix nenxH^OM, na 
HHSKOMOJiCKyjiapHbie cocxaBjiaiomHe, cnoco6Hbie BxoflHXb b IIAAr. 

IIpH KHnaHeHHH npo6bI C (|)OpMaMHfl,OM He BbiaBJiajTHCb 30HbI, COOXBCXCXByiOmHe 

MOJieKyjiapHOH Macce nopa^Ka 7 K^a, ho naGjiiOAajiocb noaBjiCHHe sohbi, 
cooxBCxcxByiomeii MOJieKyjiapnoii Macce 2 K^a, hxo cooxBCxcxByex MOJiCKyjiapHoii 
Macce MOHOMcpa nenxHfl,a (AaHHbie ne noKasanbi). 

Conocmaejienue c duHHUMU Jiumepamypbi. ycxoiiHHBOcxb KOMnonenxoB 
aMHjTOHAHbix (|)H6pHJTJT K KHnaHCHHio c SDS oGcy^^acxca B pa6oxe (Ventura, 2005) 
KaK CBoiicxBO, xapaKxepHoe hmchho fljia aHOManbHbix (JDnGpHjijiapHbix arperaxoB. B 
pa6oxe (KptiHAyniKHH h aP-, 2002) npn HsyneHKH npnoHHoro 6ejTKa Apo^^eii 6biJT0 
noKasano, hxo nofl, BOSAciicxBHeM SDS arperaxbi, oGpasyiomnxca npn 
(|)H6pHjTjToreHe3e npnoHHoro 6ejTKa, pacna^aioxca na ojinroMepbi, cocxoamne b 
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cpeAHCM H3 4-20 MOJieKyjT Sup35. OGpasoBanHe npn (JDnGpHJiJioreHese nenxH^a ID 
ycToiiHHBbix K SDS arperaxoB MO^ex CBHASxejibCXBOBaxb o cxoacxbc MexannsMOB, 
o6ycjTaBjTHBaioiu,Hx BsaHMOAsiicxBHa, oxBexcxBeHHbie sa (|)opMHpoBaHHe 
sjieMeHxapHbix cocxaBjiaiomHx (|)h6phjtjt. 

HajTHHHe ycxoiiHHBbix k SDS xexpaMepoB CBH^exejibCXByex o pasjiHHHH aneprHH 
BsaHMOAeiicxBHH, o6ycjTOBjTHBaK)mHx cymecxBOBaHHe xexpaiviepoB h ojinroMepHbix 
(|)opM 6ojTee bbicokofo nopa^Ka. Ba^HO oxMexHXb, wro b KOMnbioxepHoii MOjiQim b 
(|)opMHpoBaHHH xcxpaMcpoB nenxHfl,a oupQjsffjimomuM aBjiaexca BsaHMOfleiicxBHe 
MQTKjsy N- H C-KOHiieBbiMH sepKajibHO-CHMMexpHHHbiMH yHacxKaMH nenxHfl,a, hxo 
KOCBCHHO CBHAGxejibCXByex B nojibsy pojiH 3CM b HaHanbHbix 3xanax 
(|)H6pHjTjToreHe3a. 

OjimoMepHhie (popMU nenmuda ID e pacmeope. rejTb-(|)HjTbxpaiiHa cynepnaxaHxa, 
nojiyHeHHOFO nocjie i;eHxpH(|)yrHpoBaHHa (|)h6phjtjt nenxHfl,a, nosBOJiHjia BbiaBHXb 
HajiHHHe B npo6e (|)paKiiHH c MOJieKyjiapHoii Maccoii nopa^Ka 7-7.5 h 15 K^a, hxo 
cooxBexcxByex xexpaMepaM h OKxaiviepaM nenxHfl,a. 

Conocmaejienue c duHHUMU Jiumepamypbi. HajiHHHe b pacxBope ojinroMepoB 
(|)H6pHjTjToreHHbix nenxHflOB 6biJT0 onHcano panee aji^ 6exa-aMHjTOHfl,Horo nenxHfl,a 
(Bitan et al., 2003). Bbijio noKasano, hxo HanGojiee aMHjiOHfloreHHbiii 6exa- 
aMHjTOH^IHbiH nenxHfl, npoxa^CHHOCXbio 42 a. o. npncyxcxByex b pacxBope xojtbko b 
BHfle ncHxaMepoB h rcKcaMepoB, b xo BpeMa KaK nenxHfl, 6exa-aMHjT0Hfl, 
npoxa^eHHOCXBK) 40 a. o. npncyxcxByex xaK^e b bhas MOHOMepoB, ^HMepoB, 
xpHMepoB H xexpaMepoB, naxoflamnxca b AHHaMHHecKOM paBHOBecHH. 

OGnapy^eHHe xexpaMepoB h OKxaMepoB nenxHfl,a b bo^hom pacxBope xaK^e 
coFjiacyexca c pesyjibxaxaMH KOMntioxepHoro MOflejinpoBaHHa (JDnGpHJiJioreHesa 
nenxH^a. 

BjiuRHue nenmuda ID na (pudpujiJiozenes ajih(pa-jiaKmajih6yMUHa. J\ji9i npoBepKH 
cooxBexcxBHa aMHjTOHfloreHHbix AGTepMHHaHx ajTb(|)a-jTaKxajTb6yMHHa (AJI) h 
nenxHfl,a ID Gbijih npoBeflCHbi SKcnepHMenxbi no HHAyKiinn (JDnGpHJiJioreHesa ajTb(|)a- 
jiaKxajibGyMHHa (|)H6pHJTJTaMH 3xoro nenxn^^a. 
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H3o6pa^eHHe (|)h6phjtjt AJI (7 mf/mji), nojiyneHHoe c noMom,bK) axoMHoii 
CHJTOBOH MHKpocKonHH, npcACTaBjieHO Ha pHcyHKe 3.25. OnGpHJiJibi, o6pa30BaHHbie 
AJI, HMejiH TOJimHHy - 6-8 hm h copGHpoBanHCb Ha noBepxHOCXH cjhoabi b cocxaBe 

nyHKOB fl^HHOH nOpafl,Ka HCCKOJIBKHX MKM, COCTOamHX H3 HeCKOJlbKHX fl,eCaTKOB 

yjTO^eHHbix napajiJiejiBHO (|)h6phjtjt. 



B 





PncyHOK 3.25. PesyjibTaxbi ACM (|)h6phjtjt ajTb(|)a-jTaKTajTb6yMHHa A - UyuKu 
(pudpujiji jiaKmojihdyMUHa, none I*] mkm B - cmpoeuue nyuKa (pudpujiji. CmpejiKOU 
yKasana omdenhuaH <pu6pujijia none 300*300 hm. 

B npeflBapHxejibHbix aKcnepHMeHxax 6biJT0 noKasano, hto HHKy6aiiHa AJI b 
KOHiieHxpaitHH 7 mf/mji b PBS-6y(|)epe npn 55°C ne npHBO^HJia hh k 
(|)H6pHJTJToreHe3y, hh k arperaiinn 6ejTKa (Aannbie ne noKasanbi). Ilpn floGaBjieHHH 
10 MKJT BOflHoro pacTBopa nenTHfl,a ID b KOHiieHxpaiiHH 3 mf/mji k 1 mjt xaKoro 
pacTBopa nepes ^Ba naca HHKy6aiiHH npn 55°C naGjiiOAajiH BOSHHKHOBeHHe 
onajTecLi,eHLi,HH, hto CBHAexejibCTBOBajio o6 arperaitHH AJI. TaKHe arperaxbi Gbijih 
cnoco6Hbi yBejTHHHBaxb (|)jTK)opeciieHiiHK) ThT. KoHxpojibHbie npo6bi, 
coAspacaBniHe 6ejT0K h nenxH^, b cooxBexcxByiomnx KOHiienxpaiiHax ox^ejibHO ne 
BbisbiBajTH yBejTHHeHHa (|)jTyopecLi,eHiiHH ThT. 3xo yKasbiBano na cnocoGnocxb 
nenxH^a HHAyiinpoBaxb (|)H6pHjTjToreHe3 h, cjieAOBaxejibHO, na HajiHHHe b ero 
cxpyKxype (|)H6pHJTJToreHHbix AeTepMHHaHx AJI. OAHaKO Ha6jTK)fl,aeMaa BejiHHHHa 
(|)jTK)opeciieHiiHH 6biJTa b 30 pas hh^c, hcm BejiHHHHa (|)jTK)opeci;eHLi,HH, 
Bbi3biBaeM0H (|)H6pHjTjTaMH, o6pa30BaBmHMHca H3 AJI B xoii ^e KOHIieHXpaitHH B 
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ycjTOBHax jsjifi (|)H6pHjTjToreHe3a. 3to otjikhhc mofjio Gbitb CBasano KaK c pasHHiieii 
B KOJTHHecTBe (|)H6pHjTjT, xaK H c pasHHiieii B Hx cxpyKxype. ^Jia HsyneHHa 
cxpyKxypbi arperaxoB mbi npoBCJiH axoMHyio CHJiOByio MHKpocKonHio oGpasijOB AJI, 
noflBeprmeroca HHKy6aiiHH npn 55°C b npncyxcxBHe nenxH^a ID (pHcynoK 3.26). 
Ha6jTK)flajTH KaK npoxaaceHHbie (|)H6pHJTJTapHbie arperaxbi (3.26A), xaK h cexb 
KopoxKHx (|)H6pHJTJTapHbix arpexaxoB (3.26B), nanoMHHaiomHx iienxpti pocxa 
(|)H6pHjTjT (Cp. c 3.23). HHKy6aiiHa jiHSOiiHMa c nenxH^OM ID ne npHBO^HJia k 
arperaiiHH 3xoro 6ejTKa, hxo CBH^exejibCXByex o HanHHHH b nocjieflOBaxejibHOCXH 
3xoro nenxHfla (|)H6pHJTJToreHHbix ASxepMHHaHx cneiiH(|)HHHbix hmchho fljia AJI. 
A B 




PncyHOK 3.26. PasHbie xHnbi arperaxoB, HaGjiiOflaBinHeca b npo6e jiaKxajibGyMHHa , 
noABeprmeroca HHKy6aiiHH npn 55°C b npncyxcxBHe nenxH^a ID. A - (pudpujinu 
(yKasGHO cmpejioHKajvm), B- aspesamu (A-ceniKa, B- ijeumphi odpasoeauuH ceniKu). 

JJ^K HsyneHHa oGycjiOBjiHBaiomHx arperaiiHio BsaHMOASHCXBHH nenxH^a ID h 
AJI Mbi npoBCJiH rejTb-(|)HJTbxpaiiHK) cynepnaxaHxa, nojiyHeHHoro nocjie 
iieHxpH(|)yrHpoBaHHa pacxBopa AJI, noABeprmeroca HHKy6aLi,HH npn 55°C b 
npHcyxcxBHe nenxHfl,a ID b xeneHHe cyxoK. ITojio^eHHe nHKa npn rejTb-(|)HJTbxpaiiHH 
o6pa3Li,a coBnaAajTO c nojio^eHHCM nHKa MHorjTo6HHa jiomaAH (18 K^a), 
HcnojibSOBaBineroca ^jia KannGpoBKH kojtohkh. ITpn 3xom nojiHOCXbio HCHesan hhk, 
cooxBexcxByiomHH MOHOMepy AJI (14.2 K^a) (PncyHOK 4.33). MojieKyjiapnaa Macca 
1 8 K^a cooxBexcxByex KOMnjieKcy MOJieKyjibi AJI c AByMa MOJieKyjiaMH nenxHfl,a. 
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Bpenn aniot^MM *2 mmh. 



PncyHOK 3.27. XpoMaxorpaMMa rejTb-(|)HJTbTpaiiHH AJI (npepbiBHCxaa jiHHHa) h AJI, 
HHKy6HpoBaBmeroca c nenxHAOM (cnjioniHaa jiHHHa). 

IIo jTHxepaxypHbiM jimmhiM (Xu et al., 2005), jsjiMQp AJI 6biKa aBjiaexca 
MHHHMajibHOH npe(|)H6pHJTJTapH0H (|)opMOH 3X0X0 6ejTKa, oGjiaAaiomeii 
iIHxoxoKCHHecKHM fl,eHCXBHeM. Cnoco6HOCXb AByx MOJieKyjT nenxHfl,a ID 
o6pa30BbiBaxb KOMnjiCKC c MOJieKyjioii AJI nosBOJiaex npeflnojiomnxb bosmo^hocxb 

COSflaHHa HHXH6HX0pa XOKCHHHOCXH npe(|)H6pHJTJTapHbIX (|)OpM AJI Ha OCHOBe 

nenxH^a ID. 

3.5. MexaHH3M ynacTHH sepKajibHO-CHMMexpHHHoro nenxnaa b 

^HSpHjijiorenese jiH30UHMa. 

Momue 3epKcuihHou cuMMempuu e nocjiedoeamejihuocmu jiu3omuHa. IIohck 

MOXHBOB SepKajlbHOH CHMMCXpHH B nOCJlCflOBaxejlbHOCXH JTH30IIHMa KypHHOXO aHLi,a 

npHBCJi Hac K o6HapymeHHK) xaKOxo MOXHBa b Gexa-AOMene 3xoxo 6ejTKa (pHcynoK 
3.28). PacnojTO^eHHe xaKOxo ynacxKa b npocxpaHCXBCHHOH cxpyKxype jiHSOitHMa 
npe^cxaBjieHO na pncyHKe 3.29. 



LYZ_N-C_ 
LYZ C-N 



3 9_NTQATNRNTDGSTDYGILQIN_5 8 
5 8-NIQLIGYDTSGDTNRNTAQTN 3 9 



PncyHOK 3.28. PacnojioaceHHe sepKanbHO-CHMMexpHHHOxo MoxHBa b Gexa-AOMene 
jTH30Li,HMa. MupHhiM iupu(pmo.M eudejieH ynacmoK, npucymcmeyioufuii e (pudpujiJiozeuHOM 
nenmude us jiu30ifUMa(Krebs et al.,2000) . 
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PncyHOK 3.29. Pacnojio^CHHe sepKajibHO-CHMMexpHHHoro MOXHBa b cxpyKxype 
jTH30Li,HMa (ehideneuue KpacHuu ifeemoM). 

KocBeHHbiM CBHfl,eTejTbCTBOM B nojibsy rnnoTesbi o pojiH CHMMexpHHHoro 
(|)parMeHTa jiHSOitHMa KypHHoro aniia b (|)H6pHjTjToreHe3e aBjiaexca tot (|)aKT, hto 
aMHHOKHCJTOTHaa saMCHa 15 5 T, npHBO^amaa k noBbimeHHoii (|)H6pHJTJToreHHOCTH 
3Toro 6ejTKa, ne tojtbko HSMenaeT TpeTHHHyio CTpyKTypy 3Toro 6ejTKa (Booth et al., 
1997), HO H noBbimacT CTenenb chmmctphh sepKajibHO-CHMMeTpHHHoro MOTHBa 

(pHcyHOK 3.30). 

+ 

LYZ_N-C_ 3 9_NTQA§NRNTDGSTDYG|LQIN_5 8 

LYZ_C-N_ 5 8-NIQL|GYDTSGDTNRN|aQTN_3 9 

.1. :*.*.*: .1. 



**■ .***. ■** 



PncyHOK 3.30. 3epKajTbH0-CHMMeTpHHHbiH mothb b nocjieflOBaTCJibHOCTH jiHsoiiHMa, 
Hecymero saMeny I55T. no/ioj/cenue nosuifuu, e Komopou noHeiiHemcH donojiHumenhHuu 
cuMMempuHHbiu ocmamoK, odosHaneno KpacnuM ijeemoM. 

PaCnOJTO^eHHe CHMMeTpHHHblX MOTHBOB B nOCJlCAOBaTejlbHOCTaX ajTb(|)a- 

jiaKTajibGyMHHa h jiHsoiiHMa ne coBna^aiOT (pHcynoK 3.31). TaKoe pasjiHHHe mo^cct 

oGtaCHaTb OTCyTCTBHe CnOC06HOCTH (|)H6pHJTJT ajTb(|)a-JTaKTajTb6yMHHa BblSblBaTb 

HHflyKiiHK) (|)H6pHJTJToreHe3a jiHsoitHMa (Krebs et al., 2004(6)). 



LALB HTS^JJTQAIVENN^^^^BlFQISNKL 

LYZ fesnfIjtoatnrntdgstdygil oM srww 

PncyHOK 3.31. Pacnojio^CHHe CHMMeTpHHHtix mothbob b nocjieAOBaTCJibHOCTax 
6eTa-A0MeH0B ajTb(|)a-jTaKTajTb6yMHHa h jiHSOitHMa. 
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Funomesa o pojiu cuMMempuu e (pudpujiJiozenese npontMJtceHHMX nenmudoe. B 

HacToamee Bpeivia eflHHCXBeHHbiM npoxamenHbiM (Gojiee 15 a.o.) nenxHAOM, jxji^ 
KOToporo HSBecTHa npocxpaHCTBeHHaa cxpyKxypa b cocxaBe (|)h6phjtjt, aBjiaexca 
BAIT. B pa6oxe (Luhrs et al.,2005) Gbijio noKasano, hxo npn (|)H6pHJTJToreHe3e 3xoro 
nenxHfl,a onpeflejiaiomHM aBjiaexca BsaHMOAeiicxBHe Me^fly aMHHOKHCJioxHbiMH 
ocxaxKaMH 17-42. Ha pncyHKe 3.32 npeACxaBjiena peKOHCxpyKiina cxpyKxypbi 
xaKOFO nenxHfl,a, nojiyneHHaa c noMombio anajiHsa ManoyrjiOBoro pacceaHHa 
pcHxreHOBCKHx jiyHeii h oGMena fleiixepHa (Luhrs et al., 2005). 




PncyHOK 3.32. CxpyKxypa BAIT b cocxaBe (|)h6phjtjt (no AannbiM Luhrs et al.,2005) 

B xo ^e BpcMa H3BecxHbi KopoxKHe nenxHfl,bi, roMOJiOFHHHbie (|)parMeHxaM BAH, 
cnoco6Hbie k (JDnGpHJiJioreHesy in vitro. Ha pncyHKe 3.33 npeACxaBjienbi 
aMHHOKHCJTOXHbie nocjiCAOBaxejibHOCXH nenxH^a 17-42, ynacxByiomero b 
(|)opMHpoBaHHH (|)H6pHJTJT nenxH^OM 1-42 (Luhrs et al., 2005) h moxhb sepKajibHoii 
CHMMCxpHH, npncyxcxByioniHH b 3xom (|)parMeHxe. BaacHO oxmcxhxb, hxo nenxH^, 
15-23 He ynacxByex b (|)opMHpoBaHHH (|)h6phjtjt BAH 1-42, o^naKO cnoco6eH k 

(|)H6pHJTJToreHe3y in vitro (Lopez de la Paz, Serrano, 2003). 

+ 

beta_N-C_ 17_LVFFAED^SNKGAIIGLMVGGVvTaT_42 
abeta_C-N_ 42_TAIVVGGVMLGIIAGKNSGVDEAFFVL_17 

:: *:::*:::* :: 
+ 
abet ami n_N-C_ 15 |qLVFFAe| 2 3 
abetamin_C-N_ 2 3 jE^FJfl^Q|_15 



PncyHOK 3.33. Moxhbbi sepKanbnon chmmcxphh b nocjieflOBaxejibnocxn BAH. 
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B nocjieflOBaxejibHOCTH npnoHHoro 6ejTKa HejiOBCKa xaK^e pacnojiaraiOTca jipyr 
3a ApyroM ABa nenxH^a (106-126, 127-147), cnoco6Hbie k (JDnGpHJiJioreHesy 
(Tagliavini et al., 1993), b Koxopbix mbi oGnapy^HJiH moxhbbi sepKajibHoii 
CHMMexpHH (pHcyHOK 3.34). LI,ejTbHbiH (|)H6pHJTJToreHHbiH nenxHfl, (106-147) xaKace 

COflep^HX MOXHB SepKajlbHOH CHMMexpHH, OAHaKO MOXHBbI SepKajlbHOH CHMMexpHH 

H3 cocxaBjiaiomnx ero nenxH^OB (106-126 h 107-147) ne BOBjiCKaioxca b 
(|)opMHpoBaHHe CHMMexpHH 60JIQQ BbicoKOFO nopafl,Ka. 



prpl0 6-147_N-C_ KTNiKHiAGAAAAGAVVGGLGGYMLGS§MSRP|lHFGSDYED 

prpl0 6-147_C-N_ DEYDSGFHIIPRSMASGLMYGGLGGVVAGA§AAGA§HKMNTK 

B 

prp 106-12 6_N- C_ KTNMKHMAGAA+AAGA'\|vg|lG — 
prp 106-12 6_C-N_ - GLGGVVAGAA+AAGAMHKMNTK 

H 1. TtTlnlrTlr -k -h -h -h . .1 

c 

prpl2 7-147_N-C_ -GYMl5saHsR+Pi|hf|sDYED 
prpl2 7-147_C-N_ DEYDS|fh|iP+RSMASGLMYG- 

PncyHOK 3.34. SepKajibnaa CHMMCxpna b (|)H6pHjTjToreHHOM nenxH^e 106- 147(A), 
106-126(B) H B nenxHAe 127-147(C). 

^pyXHM npHMCpOM BKJTIOHeHHa MajTOFO CHMMexpHHHOFO MOXHBa B HpOXa^eHHblH 

aBjiaexca aMHjTHH. Ha pncyHKe 3.35 npHBeflena cxpyKxypa sepKajibHO- 

CHMMexpHHHOFO MOXHBa B COCXaBC aMHJTHHa H paCnOJlO^CHHe MHHHMajTbHOFO 
(|)H6pHJTJT0FeHH0F0 nCnXH^a B 3X0H nOCJlCAOBaxejlbHOCXH (o603HaHeHO ^HpHblM 

mpH(|)XOM). 

+ 
lAPP (N-c) ekrkcntHtcatqrHInflvhssnnfgailsstnvgsn 

lAPP (C-N) NSGVNTSSLIAGFNNSSHVLFNALRQTACTATNCKRKE 

*.: . .. :** .*. **; __ _ :.* 

PncyHOK 3.35. SepKanbHO-CHMMexpHHHbiH moxhb b nocjiCflOBaxejibHOCXH aMHjiHHa. 

KoMMenmapuu e meKcme. 
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IIpHBefleHHbie npHMepti nosBOJiaiOT CASJiaxb npcAnojio^eHHe, hto b HCKOTopbix 
cjiynaax npn (|)H6pHjTjToreHe3e npoxameHHbix nenxHAOB Hrpaiox pojib 

BSaHMOAGHCTBHa HCCKOJlbKHX aMHJTOHflOreHHblX ASTepMHHaHTOB . Ha pHCyHKC 3.36 

npeACxaBjieHbi cxpyKxypbi npoxameHHbix (|)H6pHJinoreHHbix nenxHAOB b cocxaBe 
jTH30Li,HMa (|)ara T4 h jiHSOitHMa KypHHoro aniia, a xaK^e cxpyKxypa CHMMexpHHHoro 
(|)parMeHxa 35-51 h3 jiaKxajibGyMHHa. HnxepecHO, hxo h 3xh (|)parMeHXbi b cocxaBe 
6ejTKa, H 6exa-aMHjT0HAHbiH nenxH^, b cocxaBe (|)h6phjtjt npe^cxaBjiaiox co6oh 
cxpyKxypy xnna mnnjibKH, npHHCM MC^fly nojiOBHHaMH sepKanbHO-CHMMexpHHHbix 
MOXHBOB pacnojiaraexca 6exa-H3rH6. 



B 






PncyHOK 3.36. CxpyKxypa (|)H6pHJTJToreHHbix nenxH^OB b cocxaBe jTH30i;HMa 
KypHHOFO aHLi,a (A) H (|)ara T4 (B) h cxpyKxypa CHMMexpHHHoro (|)parMeHxa 35-51 b 
cocxaBe ajTb(|)a-JTaKxajTb6yMHHa (C). Cuhum ijeemoM odosHaneHw 6ema-u32u6hi. 

Ha pHcyHKC 3.37 npe^cxaBjieHO BbipaBHHBaHne nocjieflOBaxejibHocxeii 
(|)H6pHjTjToreHHbix nenxH^OB h3 jthsoiihmob KypHHoro aiiiia h (|)ara T4. Hpn 

OXCyXCXBHH BblCOKOH FOMOJTOFHH HMCCX MCCXO CXO^CXBO npOCXpaHCXBCHKblX 

cxpyKxyp nenxH^OB b cocxaBe Gcjikob. 



LYS_T4 

LYS CHICKEN 



eglrPkHkdtegyyiigigh 
-stdxg&qinsrwws 



PncyHOK 3.37. BbipaBHHBaHHe nocjieAOBaxejibHOCxeii (|)H6pHjTjToreHHbix nenxH^OB 

H3 JTH30Ll,HMa (|)ara T4 H JTH30Ll,HMa KypHHOFO aHH,a. 
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Mbi npefljio^HjiH rnnoTesy (EropoB, 2005 (b), 2006(a)) o pojiH npoxa^eHHbix 
sepKajibHO-CHMMexpHHHbix MOTHBOB, o6pa3yK)mHx cxpyKxypbi THna innHjibKH b 
(|)H6pHjTjToreHe3e. Ha pncyHKe 3.38 npeACxaBjiena npeflnojiaraeMaa cxeMa xaKoro 
ynacTHa. ^annbie, nojiyneHKbie Luhrs h coaBxopaMH (Luhrs et al., 2005) 
OTHOCHxejibHO cxpyKxypbi 6exa-aMHjTOHflHoro nenxHfl,a b cocxaBe (|)h6phjtjt, 
coFjiacyioxca c axoii rnnoxesoH. 

1.06man cxpyKxypa sepKajibHO-CHMMexpHHHwx mothbob. 



utentrp cpxtta&^rpttPt 



-n-B-m-B' -k-B-1-B-k-B* -m-H-n 



6e !F a — s<3x*h:G 



^ 



^^M CnOCo6Hbl B3aHMQflgt^CTBQBaTb H ^M 



'R ' ki B ' c^noco6Hbi B3aMMOfleticTBOBaTb Ta J- & 



n,m,k,l Hucjio aMimoKUCJionmbix ocmamKoe, cnocodnoe odecnemieamt HeodxoduMyw esauMHyw 
opueHmauuK) doKoewx ueneu OMUHOKUCJiomnbix ocmamKoe; e cocmaee ynacmKa I - 
nocjiedoeamejibHOcmb OMUHOKUCJiontHbix ocmamKoe, CKJiOHHan k odpasoeauuio 6ema-ii32ii6a; A,B 
npou360JibHbie OMUHOKUCJiomHbie ocmanmu; A ',B '- aMimoKiicjiomHue ocmanmu, doKoeue i^enii 
Komopux cnocodnbi esauModeucmeoeamb c doKoebiMU ijennjuu ocmantKoe A ii B 
coomeemcmeeHHO. OdosHaneuHbie jfcupubiM mpiicpmoM OMUHOKUCJiomnbie ocmamKU juoeym 6bimb 
udenmuHHUMU luiu cxodnuMU no ceoucmeajvi c ocmaniKaMii cjieea om ifenrnpa cuMMempuii. 

l.BHyxpHMOJieKyjiHpHbie BsaHMOfleiiCTBHJi, oSycjiOBjiHBaioiiiHe cxpyKxypy MOXHBa. 




(npoAOJiaceHHe na cjieAyioineH cxpaHHiie) 
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PncyHOK 3.38 (npoAOJi^CHHe) 

3. Bo3MO»CHbie MesKMOJieKyjiHpHbie BsaHMoaeiiCTBHH, oSycjiOBjiCHHwe cxpyKxypoH 

SepKajIbHO-CHMMexpHHHOrO MOTHSa. 




15^^ 




PncyHOK 3.38. CxeMa ynacxHa 3CM b (JDnGpHjijioreHese Cuhum u KpacnuM ijeemoM 
odosHaneHhi sepKajibHO-cuMMempuHHbie Momueu, npuHadjiejicaiij.ue pasHhi.M MOJiejcyjiaM. 
MejimhiM ijeemoM odosnaneHhi enympuMOJieKyjinpHbie censu, senenhiM - 

MBDICMOJieKyjlRpHhie. 

B cjiy^ae HajiH^Ha xaKoro MexannsMa oGpasoBaHHa (|)h6phjtjt, nojiOBHHbi 
sepKanbHO - CHMMexpHHHbix cxpyKxyp xaK^e Moryx 6bixb cnoco6HbiMH k 
(|)H6pHJTJToreHe3y (pHcynoK 3.39). Cxoahbih MexannsM peanHsyexca npn 
(|)H6pHJTJToreHe3e KopoxKoro nenxH^a h3 Sup35 (Cp. pHcynoK 3.39 c pncyHKOM 3.8). 




PncyHOK 3.39. BosMomnaa cxeivia (|)H6pHJTJToreHe3a nojiOBHHbi CHMMexpHHHOii 
cxpyKxypbi. KpacHhiM u cuhum ifeemojvt odosHaueubi npomueono/ioj/CHO 

opueumupoeaHUbie nenmudu. JIunoeuM ijeemoM odosHaueubi esauModeucmeyjou^ue 
ocmarriKU. 

Ha ocHOBaHHH FHnoxesbi o pojiH npoxaaceHHbix sepKanbHO-CHMMexpHHHbix 
MOXHBOB, o6pa3yK)iu,Hx cxpyKxypbi xnna innHjibKH b (|)H6pHjTjToreHe3e mbi 
upQjsjioyKwin cxpyKxypy nenxHfl,a, noxeniiHajTbHO cnoco6Horo bjih^xb na 
4)H6pHjTjToreHe3 jiHSOitHMa KypHHOFO aHLi,a. IlenxHfl, npe^cxaBjiaex co6oh nojiOBHHy 
CHMMexpHHHOFO MOXHBa H, coFjiacHO Hameii FHnoxeae, cnocoGen KOHKypHpoBaxb c 
MOJieKyjTOH jTH30Li,HMa 3a Mecxo npHCoeAHHCHHa cjie^yiomeFO MOHOMepa npn 
o6pa30BaHHH ojTHFOMepHbix npeflinecxBeHHHKOB (|)h6phjtjt (PncyHOK 3.40). 
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PncyHOK 3.40. IIpHCoeAHHeHHe nenxH^a, aBjiaiomeroca nojiOEHHoii CHMMexpHHHOH 
cxpyKxypbi. Tlenmud odosuaueH dupjosoeuM ijeemoM. 

B cjiynae ynacxHa sepKanbHO-CHMMepHHHbix moxhbob b (|)H6pHJTJToreHe3e xaKoe 
BsaHMOAeiicxBHe MO^ex npenaxcxBOBaxb o6pa30BaHHK) oGbihhbix 

npe(|)H6pHJTJTapHbix (|)opM, o6jTaAaK)m,Hx iinxoxoKCHHCCKHM ASHCXBHeM. Hameii 
saAaneH aBjiajiocb HCCJiCAOBaxb BimmniQ nenxH^a, ^Bjiaiomeroca nojiOBHHOH 

SepKaHbHO-CHMMexpHHHOFO MOXHBa, Ha (|)H6pHJTJTOreHe3 JTH30IIHMa. 

3.6. HsyHCHHe bjihhhhh nemujia NTQATNRNTD na ^HSpHJuiorenes 
jiH30UHMa KypHHoro fliiua. 

Mbi HccjieAOBajTH BsaHMOfleiicxBHe jiHsoitHMa c nenxH^OM NTQATNRNTD 
(Aajiee - HALF), ^BjiaiomHMca nojiOBHHOH sepKajibHO-CHMMexpHHHoii cxpyKxypbi b 
nocjieflOBaxejiBHOCXH 3xoro 6ejTKa. B paMKax npcAnojio^eHHa o pojiH sepKanbHO- 

CHMMexpHHHblX MOXHBOB B Me^CMOJlCKyjiapHblX BSaHMOflCHCXBHaX, OHpeAGJl^IOniHX 

paHHHe cxaflHH (JDnGpHjijioreHesa, xaKoii nenxH^ flOJi^en BsaHMOfleiicxBOBaxb c 
sepKanbHO-CHMMexpHHHbiM MoxHBOM 6exa-A0MeHa jiHsoiiHMa KypHHoro aiiiia h 
xaKHM o6pa30M OKasbiBaxb BjiummQ na ^.HHaMHKy oGpasoBanna (|)h6phjtjt jiHSOiiHMa 
H Hx Mop(|)OJTorHHecKHe xapaKxepHCXHKH (cm. pHC. 3.40). 

Uoddop ycjioeuu djin (pudpujiJiozenesa JiU30U,iiMa. B KanecxBC HanajibKbix ycjiOBHii 
AJia (JDHGpHJTJToreHesa jiHSOiiHMa mbi HcnojibSOBanH ycjiOBHa, onHcaHHbie b pa6oxe 
(Amaudov, de Vries, 2005). Mbi HcnojibSOBajiH KOHiieHxpaiiHH 14, 10, 8, 5, 4 mf/mjt. 
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OnGpHJiJioreHes AexeKTHpoBajiH c noMombio HSMepcHHa (|)jTyopeciieHiiHH 

THO(|)JTaBHHa T H C nOMOmbK) ajieKXpOHHOH MHKpOCKOnHH. IIpH KOHIieHXpailHH 14 

mf/mji Ha naxbiii js,QBh b npoGnpKe, tjs,q npoHCxoAHJia HHKy6aiiHa, naGjiiOAajiH 
o6pa30BaHHe rejia, ^oGaBjieHHe Koxoporo b 6y(|)ep, coAep^camHii THO(|)jTaBHH T, 
BbisbiBajTO yBejTHHeHHe (JDJiioopeciieHiiHH axoro KpacHxejia. Pesyjibxaxbi 
sjieKxpoHHoii MHKpocKonHH npeflCxaBjiCHbi Ha pncyHKe 3.41 . 




PncyHOK 3.41. Pesyjibxaxbi ajieKxpoHHoii MHKpocKonHH jiHSOiiHMa b KOHi;eHxpai;HH 
14 mf/mjt, HHKyGHpoBaBineroca b pacxBope fljia (JDnGpHjijioreHesa b xeneHHe 5 flHeii. 

TojimHHa (|)H6pHJTJTapHbix arpcFaxoB cocxaBHjia 6-8 hm, jsjiwaa - flo 1 mkm. 
ConocxaBjiaa nojiyHeHHbie pesyjibxaxbi c jiHxepaxypHbiMH AaHHbiMH (Sunde et al., 
1997), Mbi cflCJiajTH saKjTioHeHHe, hxo naGjiiOAaioxca npoxo(|)HJTaMeHXbi GejiKa. 

B AaJitHeiimHx SKcnepHMenxax mbi ycxaHOBHjiH, hxo MHHHMajibHaa 
KOHiieHxpaiiHa jiH30i;HMa, Heo6xoAHMaa jsji^i (JDnGpHjijioreHesa b HcnojibsyeMbix 
ycjTOBHax, cocxaBjiaex 5 mf/mjt. 

06pa3oeaHue KOMWieKca Jiusoi^UMa c nenmudoM HALF. JXjia HccjieAOBanHa 
pojTH sepKajTBHO-CHMMexpHHHOFO MoxHBa jTH30L[HMa B HaHajTbHbix 3xanax 

(|)H6pHJTJTOFeHe3a, Mbl npOBCJlH HHKy6aL[HK) JTH30L[HMa B MHHHMajTbHOH 
(|)H6pHJTJT0FeHH0H KOHL[eHXpaL[HH COBMCCXHO C AGCaXHKpaXHblM MOJTbHbIM 

HsGbixKOM nenxHfl,a HALF. HnKyGauHio npoBOflHJiH b xeneHHe BpeMCHH, 
HCflocxaxoHHOFO fljia o6pa30BaHHa (|)H6pHjTjT (oKOJTO 2 HacoB). B KanecxBe KOHxpojia 
HcnojibSOBajTH xaKyK) ^e npo5y 6e3 AoGaBjiCHHa nenxH^a. Pesyjibxaxbi 
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3JTeKTpo(|)ope3a b khcjtbix ycjiOBHax npeACxaBjieHbi na pncyHKe 3.42. PasjiHHHe 
3JTeKTpo(|)opeTHHecKOH noflBH^HOCTH o6pa3i;oB CBHAexejibCTByex b nojibsy 
o6pa30BaHHa KOMnjiCKca Me^^y jihsoiihmom h nenxHAOM. 




• 



PncyHOK 3.42. Pesyjibxaxbi 3JTeKxpo(|)ope3a b khcjtbix ycjiOBH^x jiHSOiiHMa, 
HHKy6HpoBaBmeroca b ycjiOBHax jsji^i (JDnGpHJiJioreHesa b npncyxcxBHe (Aopo^Ka 1) 
H B oxcyxcxBHe (flopo^Ka 3) nenxHfl,a HALF. Ha Aopo^Ky 2 5biJT HaneceH nenxH^, b 
KOHi;eHxpai;HH, npncyxcxByiomeii b npo6e. 



/foKum nenmuda u MOJieuyjihi Jiusoi^UMa. ^jia onpeASJieHHa caiixa npHcoeAHHCHHa 
nenxHfl,a HALF k MOJieKyjie jiHSOiiHMa, mbi npoBCJiH KOMnbioxepHoe 
MOASJiHpoBaHHa BsaHMOfleiicxBHa jTHSOiiHMa H nenxHfl,a. Pesyjibxaxbi 
MOAGJiHpoBaHHa CBHAGTejibcxBOBajTH o xoM, Hxo HanGojiee 3HeprexHHecKH 
BbiFOflHbiM pacnojio^eHHCM MOJieKyjibi nenxH^a aBjiaexca pacnojio^CHHe b6jth3h 
sepKajibHO-CHMMexpHHHOFO MoxHBa (pHcyHOK 3.43). HpHcoeflHHeHHe MOJieKyjibi 
nenxHfl,a npHBO^HJio k BOSHHKHOBeHHio cxepHHecKOFO npenaxcxBHa b6jth3h 
(|)epMeHxaxHBHoro iienxpa 6ejTKa (OHjijinnc, 1968). Mbi CASJiajiH npcAnojio^eHHe, 
HXO B cjiynae cooxBexcxBHa 3KcnepHMeHX0B in vitro h in silico b npncyxcxBHe 
nenxHfl,a aoji^ho naGjiiOAaxbca CHH^eHHe (|)epMeHxaxHBHOH aKXHBHOcxH 6ejiKa. 
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PncyHOK 3.43. Pesyjibxaxbi ^.OKHHra MOJieKyji jiHSOiiHMa h nenTHfl,a. KpacnuM 
ijeemoM eudejien (ppasMenm nenmuda HALF, JtcejimuM - (pepMeHmamueHuu ijeump 
smozo de/iKa. 



BjiuRHue nenmuda HALF na (pepMenmamuenyw aKmuenocmh jiu30u,UMa. IIpH 
npoBeASHHH SKcnepHMeHxa no HsyneHHio BjiH^HHa nenxH^a na (JDepMeHxaxHBHyio 
aKXHBHOCXb jTH30iiHMa Mbi Ha6jTK)flajTH, Hxo B npHcyxcxBHH fl,ecaxHKpaxHoro 
MOJibHOFO H36bixKa YiQYVTMjxdi CHH^acxca CKopocxb FHApojiHsa npcnapaxa cxenoK 
M.luteus.. Pesyjibxaxbi aKcnepHMCHxa npeflCxaBjienbi na pncyHKe 3.44. OaKx 

CHH^eHHa (|)epMeHXaXHBHOH aKXHBHOCXH JTH30IIHMa KOCBCHHO CBHfl,exejTbCXByeX B 

nojibsy HajTHHHa cnocoGnocxH xaKoro nenxH^a npncoeAHHaxbca k sepKajibHO- 
CHMMexpHHHOMy yHacxKy MOJieKyjibi jiHSOitHMa. 
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PncyHOK 3.44. BjiH^HHe nenxH^a HALF na (JDepMeHxaxHBHyio aKXHBHOCXb 
jTH30iiHMa. HenpephienaH jiuhum - dejiOK e onmuMOJibHOU KOHifeHmpaijuu, 
npepueucmaH - dejiOK e mou Jtce KOHijeHmpaijuu e npucymcmeue nenmuda. 
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Hsyuenue ejiURHun nenmuda na (pudpujiJiozenes Jiusomima. B npeABapHxejibHbix 

3KCnepHMeHTaX C HCnOJlbSOBaHHeM MeXOflOB aXOMHOil CHJTOBOH MHKpOCKOnHH H 

HsyneHHa (|)jTK)opeci;eHiiHH THO(|)jTaBHHa T mbi ycxaHOBHjiH, hto nenxHfl, HALF ne 
cnoco6eH oGpasoBbiBaxb (|)H6pHjTjTbi b KOHiieHxpaiiHax 0.1-5 mx/mji npn SHaneHHax 
pH 2, 2.4, 6 H 7.4. (^annbie ne npeACxaBjienbi). 

Ha pHcyHKe 3.45 (A) npeACxaBjienbi pesyjibxaxbi ajieKxpoHHoii MHKpocKonHH 
(|)H6pHjTjT jTHSOiiHMa. Ha pHcyHKe 3.45 (B) npeACxaBjienbi pesyjibxaxbi sjieKxpoHHoii 
MHKpocKonHH (|)H6pHJTJT jTHSOiiHMa, o6pa30BaBmHxca B npHcyxcxBHC 10 - KpaXHOFO 
MOJibHOFO H36bixKa (5 mf/mjt) nenxH^a. HenxH^, HALF b KOHi;eHxpai;HH 5 mf/mjt, 
HHKy6HpoBaBmHHca B ycjTOBHax AJi^ (|)H6pHJTJTOFeHe3a jTH30Li,HMa, He 6bijT cnoco6eH 
K o6pa30BaHHK) (|)H6pHjTjT (AaHHbie He npeACxaBjieHbi). 

A B 




PncyHOK 3.45. OnGpHjijibi, o6pa30BaBmHeca b oxcyxcxBHe (A) h b npncyxcxBHe (B) 
nenxHfl,a. ffnuna cepozo npHMoysojihuuKa coomeemcmeyem 0. 7 mkm. 

^HaMexp (|)H6pHjTjT, o6pa30BaBmHxca b npncyxcxBHH nenxHfl,a (okojto 1 hm), ne 
oxjTHHajTca ox AHaMexpa (|)h6phjtjt kohxpojibhofo o6pa3L[a. 3xo CBH^exejibCXByex o 
cxoACXBe ojTHFOMepHbix cxpyKxyp, o6pa3yK)iu,Hx (|)H6pHJTJTbi B npHcyxcxBHe h 
oxcyxcxBHe nenxHfl,a. OAHaKO naGjiiOAajiHCb oxjiHHHa b hjioxhocxh pacnojio^eHHa 
(|)H6pHJTJT Ha HOfljTO^Ke (10±5 mkm" b KOHxpojTbHOM o6pa3L[e H 30±10 mkm" b 
npHcyxcxBHe nenxHfl,a) h b cpeAneii ^JiHHe (|)h6phjtjt (700±100 hm b kohxpojtbhom 
o6pa3L[e, 300±50 hm b npncyxcxBHe nenxHfl,a). Ba^HO oxMexHXb, hxo npn 

3JTeKXpOHHOH MHKpOCKOHHH (|)H6pHJTJT JTH30L[HMa, 06pa30BaBmHXCa B OXCyXCXBHe 

nenxHfl,a, ne naGjiiOAajiH cxpyKxyp, cxoahbix c npeACxaBjienHbiMH na pncyHKe 3.45 
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(B). 3x0 CBHAexejibCTByex o tom. hto naGjiiOAaeMbie Mop(|)OJTorHHecKHe oxjiHHHa ne 
CBaSaHbl C HepaBHOMepHOCTbK) cop6iiHH o6pa3iiOB Ha nOBepXHOCTb hoajio^kh. 

OnGpHJiJiorenes jiHSOiiHMa b HCCJieflOBaHHbix oGpasijax npoHCxoflHJi b ycjiOBHax, 
OTjTHHaioiu,Hxca TOJTbKO HajTHHHeM HjTH OTcyTCTBHCM nenTH^a. 06pa3iibi flJia 
MHKpocKonHH roTOBHjTHCb oflHOBpeMCHHO HAGHTHHHbiM cnoco6oM. Ha6jTK)flaeMbie 
OTjTHHHa coxpaH^jTHCb npH HOBTopHOM npoBefleHHH 3KcnepHMeHTa, n03T0My, 
Hcxofla H3 nojiyHeHHbix pesyjibxaxoB, mo^ho CAGJiaxb bbiboa o BjiHaHHH nenTHfl,a 
NTQATNRNTD na oGpasoBaHHe (|)h6phjtjt jiHSOiiHMa (EropoB n jsp., 2006b). TaKoii 
nenxHfl, Moacex 6bixb HcnojibSOBan b KanecxBC ochobbi jsji^i paspaGoxKH 
3(|)(|)eKXHBHoro HHrnGnxopa (JDnGpHJiJioreHesa 3xoro 6ejTKa. 

3.7. 3aKjiH)HeHHe. 

IIoHCK 3CM B nocjiCAOBaxejibHocxax MOAeJitHbix Gcjikob ajTb(|)a-jTaKxajTb6yMHHa 
HejiOBCKa H jTHSOiiHMa KypHHOFO aiiLia nosBOJTHJT onpeflejTHXb ynacxKH, aBjiaiomHeca 

nOXeHIIHajTBHblMH (|)H6pHJTJT0reHHbIMH ASXepMHHaHXaMH 3XHX 6ejTK0B. IlenxHA 

GYDTQAIVENNESTEYG (WT), coAep^Kamnii 3CM AJI HejiOBCKa h 
GYDTQTVVNNNGHTDYG (ID), coAep^amHii ocHOBHbie 3JTeMeHXbi 3CM 3xoro 
6ejTKa, cnoco6Hbi k (JDnGpHJiJioreHesy. IlenxHAS WT h ID cnoco6Hbi HHflyilHpoBaxb 
(|)H6pHjTjToreHe3 AJI. ITpn wajsyKujiii (JDnGpHjijioreHesa AJI nenxHfl,OM ID KOMnjieKCti 
AJI c nenxHflOM oxjinnaioxca ox onHcaHHbix b jiHxepaxype xokchhhbix 
npe(|)H6pHJTJTapHbix ojTHFOMepoB ajTb(|)a-jTaKxajTb6yMHHa. IlenxHfl, NTQATNRNTD 
(HALF), aBjiaiomHiica nojTOBHHOH 3CM jiHSOiiHMa, cnoco6eH CBasbiBaxbca c 3xhm 
6ejTK0M H BjTHaex Ha ero (JDnGpHjijioreHes. TaKHM oGpasoM, 3CM b 
nocjieflOBaxejiBHOCxax ajTb(|)a-jTaKxajTb6yMHHa h jiHSOiiHMa nrpaiox pojib b 
(|)H6pHJTJToreHe3e 3xhx Gcjikob. BosfleiicxBHe na 3CM c noMombio nenxH^OB 
aBjiaexca nepcneKXHBHoii cxpaxerHeii 6opb6bi c oGpasoBanneM xokchhhbix 

OJTHFOMepOB 6ejTK0B, B03HHKaK)IU,HX B npOLl,eCCe (|)H6pHJTJTOreHe3a. 
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BblBOAM 

1. IIpH KOMnbioxepHOM anajTHse nepBHHHoii cxpyKxypbi ccmh HSBecxHbix 
(|)H6pHJTJToreHHbix nenxHAOB oGnapy^eHbi sepKajibHO-CHMMexpHHHtie 

MOXHBbl. 

2. SepKajlbHO-CHMMexpHHHblH MOXHB B nOCJlCflOBaxejlbHOCXH ajTb(|)a- 

jiaKxajibGyMHHa HejiOBCKa (GYDTQAIVENNESTEYG) coAsp^Hx 
(|)H6pHjTjToreHHyio AGTepMHHaHxy 3xoro 6ejTKa. 

3. SepKajibHO-CHMMexpHHHbiH nenxHfl, ID (GYDTQTVVNNNGHTDYG), 

FOMOJTOFHHHblH SepKajlbHO-CHMMexpHHHOMy MOXHBy B nOCJlCflOBaxejlbHOCXH 

ajTb(|)a-jTaKxajTb6yMHHa HejiOBCKa, cnoco6eH k (JDnGpHJiJioreHesy. 
OnGpHJiJioreHKbie CBoiicxBa nenxHfl,a ID oxapaKxepHSOBanbi b 

3KcnepHMeHxax in vitro h in silico. 

4. IlenxHA ID cnoco6eH HHAyiinpoBaxb (|)H6pHjTjToreHe3 ajTb(|)a-jTaKxajTb5yMHHa 
HejiOBCKa. Oh CBasbiBaexca c ajTb(|)a-jTaKxajTb6yMHH0M b cooxHomeHHH 2:1. 

5. IIocxyjTHpoBaH MexannsM ynacxna sepKanbHO-CHMMexpHHHbix moxhbob b 
(|)H6pHJTJToreHe3e. B cooxBexcxBHH c 3xhm paccHHxaH h CHHXeSHpOBaH 
nenxHfl,, HASHXHHHbiH (|)parMeHxy Gexa-flOMena jiHSOiiHMa. IIoKasaHO 
BjiH^HHe xaKOFO nenxH^a na Mop(|)OJTorHK) (|)h6phjtjt jiHSOiiHMa. 
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